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ASSESSING PUBLIC DRINKING WATER SYSTEMS IN KENTUCKY 
Caroline Chan and Russell Neal 
Kentucky Division of Water 
300 Sower Blvd, 3rd Floor 
Frankfort, KY 40601 
(502)564-3410 
Caroline.Chan@ky.gov and Russell.Neal@ky.gov 
 
The Kentucky Division of Water is in the process of developing a Drinking Water Action 
Plan with the goal of ensuring long-term sustainable and resilient public drinking water 
systems capable of providing adequate, reliable water that complies with the Safe 
Drinking Water Act.  One of our objectives is to assess the state of the industry.  In order 
for us to accomplish this objective we must develop a method to score and rank the 
systems. A first step is to develop priority indicators to identify troubled drinking water 
systems, allowing the Division to focus efforts on assisting facilities to plan for and 
address issues before they become critical. 
 
An Excel model is being developed to score and rank the systems. Technical, managerial, 
and financial aspects (i.e. capacity) for each public water system will be incorporated into 
the tool as metrics.  
 Technical capacity is the physical and operational ability of a water system to 
meet Safe Drinking Water Act (SDWA) requirements. This refers to physical 
infrastructure and the ability of system personnel (operators) to have the technical 
knowledge to adequately operate and maintain the system. This is measured by 
the facilities’ compliance data against drinking water regulatory limits.  
 Managerial capacity is the ability of a water system to conduct its affairs in a 
manner enabling the system to achieve and maintain compliance with the SDWA.  
This refers to the system’s institutional and administrative capabilities.  
 Financial capacity is the ability to acquire and manage sufficient financial 
resources to allow the system to achieve and maintain compliance with the 
SDWA.  
 
Information will be assembled from the Sanitary Survey, compliance, and source water 
data. Data form other stakeholders, such as the Kentucky Infrastructure Authority, 
Economic Development, and the Public Service Commission may also be included. 
Small, medium, and large facilities will be considered separately. 
 
Issues that were considered in developing metrics and constructing the tool included 
weighting for each metric, melding binary (yes/no) metrics with numeric metrics, using 
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regulatory limits versus the voluntary Area Wide Optimization Program (AWOP) goals, 
and choosing worst case scenarios versus averages.  
 
The finished tool will generate a score and rank for technical, managerial, and financial 
health, as well as give an overall score and rank. This process will allow the Division to 
objectively identify which systems may need the most assistance, and what the focus of 
that assistance should be. By identifying and addressing weaknesses before they become 
issues, the Division will ensure long-term sustainable and resilient public drinking water 
systems. 
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BANKFULL REGIONAL CURVES AND HYDRAULIC GEOMETRY CURVES  
FOR THE EASTERN KENTUCKY COALFIELDS 
 
Ashlan Berry and Carmen Agouridis 
207 C.E. Barnhart Building 
Lexington, KY 40546-0276 
(859) 218-4344 
carmen.agouridis@uky.edu 
 
 
Bankfull regional curves relate bankfull channel dimensions (e.g. area, width, depth, 
discharge) to drainage area while hydraulic geometry curves that use bankfull discharge as 
the independent variable are useful tools for assisting in the correct identification of 
bankfull. Regional curves are particularly helpful when assessing incised stream systems 
where lack of good bankfull indicators is a common and problematic occurrence. To obtain 
the necessary information to develop regional and hydraulic geometry curves, data must 
be acquired from several reference regional streams representing a wide range of drainage 
areas (and bankfull discharges). With increased demand for stream restoration (mitigation) 
projects in the eastern Kentucky Coalfields (EKC) due to current and historic mining 
activities (e.g. data needs of U.S. Army Corps of Engineers, U.S. Environmental Protection 
Agency, Kentucky Division of Water and the like) and the expansion of the Mountain 
Parkway (e.g. data needs of Kentucky Transportation Cabinet and the like) the demand for 
regional and hydraulic geometry curves applicable to this hydro-physiographic region is 
high. Such curves could be widely disseminated through research publications and Stream 
Stats. 
 
Work by Blackburn-Lynch et al. (In Review) demonstrates that regional curves developed 
for individual hydrologic landscape regions (HLR) within a physiographic province result 
in markedly improved curve fits. The EKC contains five HLR though only three were 
examined in this study (HLR 9, 11 and 16) as the other two (HLR 4 and 6) were too small 
in size. HLR 9 is characterized as having “humid plateaus with impermeable soils and 
permeable bedrock” (Wolock et al., 2004); it is predominately located in the western 
portion of the EKC. HLR 9 has overland flow and deep ground water as well as moderate 
regions of karst landscape. About 10% of the EKC is classified as HLR 9. HLR 11 is 
characterized as having “humid plateaus with impermeable soils and bedrock” (Wolock et 
al., 2004). Covering 40% of the EKC, HLR 11 is similar to 9 except the bedrock of HLR 
11 is impermeable while it is permeable with HLR 9. Overland flow is predominating in 
HLR 11. HLR 11 is located primarily in between HLR 9 and 16. HLR 16 is defined as 
“humid mountains with permeable soils and impermeable bedrock” (Wolock et al., 2004). 
The terrain of HLR 16 is steeper than that of HLR 9 and 11; like HLR 11, the bedrock is 
impermeable but unlike either HLR 9 or 11, the soils are deemed permeable though 
shallow. Because of the permeable soils, HLR 16 has shallow groundwater flow. HLR 16 
covers the biggest portion of EKC at 47%. 
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The purpose of this work was to develop regional and hydraulic geometry curves for the 
EKC. The specific objectives of the project were to: 
 Determine bankfull recurrence intervals and develop regional and hydraulic 
geometry curves for the EKC 
 Develop and compare regional and hydraulic geometry curves for HLR 9, 11, and 
16 in the EKC  
 Compare these curves to theoretical values and results from other such curves 
developed in the U.S.  
 
Tables 1 contains a sample of the produced regression equations. Results indicated that 
separating the EKC into HLR improved the R2 of the regional curves. Statistical differences 
were noted between HLR with regards to regional curves further suggesting subdivision is 
beneficial. For hydraulic geometry curves, lack of discharge data limited interpretations 
and hence recommendations on the need to further subdivide the EKC into HLR. Results 
for both regional curve and hydraulic geometry curve analyses suggest that datasets from 
the EKC may be supplemented using data from other physiographic regions in the U.S. as 
long as the data are obtained from the same HLR. 
 
Table 1: Bankfull regional curve relationships for bankfull discharge (ft3 s-1) and drainage 
area (mi2). 
HLR Regression Equation R2 
Combined HLR (9, 11 and 16) Qbkf=37.54DA0.77 0.87 
HLR 9 Qbkf=16.14DA0.90 0.88 
HLR 11 Qbkf=54.49DA0.62 0.80 
HLR 16 Qbkf=34.88DA0.76 0.97 
 
References: 
 
Blackburn-Lynch, W., C.T. Agouridis, and C.D. Barton. In Review. Development of 
regional curves for hydrologic landscape regions (HLR) in the contiguous United States. 
Journal of the American Water Resources Association. 
 
Wolock, D. M., T.C. Winter, and G. McMahon. 2004. Delineation and evaluation of 
hydrologic-landscape regions in the United States using geographic information system 
tools and multivariate statistical analyses. Environmental Management 34(1): S71-S88. 
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QUASI-THREE-DIMENSIONAL HYDRODYNAMIC MODEL DEVELOPMENT 
FOR TWO-PHASE FLOW APPLIED TO GEYSER PHENOMENA IN  
URBAN STORM SEWERS 
Richard L. Shook II, Graduate Assistant, Dept. of Civil Engineering 
University of Kentucky, C382 O. H. Raymond Bldg., Lexington, KY 40506 
Email: Richard.Shook@uky.edu 
Zhiyu S. Shao, Ph.D., P.E., School of Urban Constr. and Environmental Engineering 
Chongqing University, Chongqing, China. 
Email: shaozhiyu@cqu.edu.cn 
Scott A. Yost, Ph.D., P.E., Dept. of Civil Engineering 
University of Kentucky, 354C O. H. Raymond Bldg., Lexington, KY 40506 
Email: yostsa@engr.uky.edu 
Large amounts of runoff in urban catchments can cause drainage networks to quickly 
transition from open channel flow to pressurized flow. Pockets of air can form within the 
horizontal regions of the network due to this transition, as well as from the transport of 
smaller air pockets from upstream laterals. Under the right conditions, these air pockets 
will violently escape the system through risers creating a jet of air and water above grade. 
Geyser events require specific geometric and hydrologic conditions to form; however, 
when these conditions are met, geysers can cause a major environmental, safety, or 
flooding problem.  
There is a need for models that are capable of simulating the complicated interactions 
between air and water during geyser events. Work completed for this study advances 
upon a model created by Dr. Shao as part of her doctoral dissertation at the University of 
Kentucky. This model solves the two dimensional conservative Navier-Stokes equations 
and captures the movement of the water-air interface in order to simulate geyser events. 
The numerical scheme involves the use of a projection method as well as a volume of 
fluids solver.  
In this work the two-dimensional model is progressed to a quasi-three-dimensional model 
via the implementation of a width averaging scheme. This scheme is somewhat 
analogous to the simplifications and assumptions of the shallow water equations; 
however, instead of solving for heights of water columns, this technique uses widths of 
horizontal fluid slices that are determined by conduit geometry.  The results of this study 
will bring further insight into the driving mechanisms of geyser formation as well as 
quasi-three dimensional computational fluid dynamics.  
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CURVE NUMBERS FOR URBAN WATERSHEDS:   
A PROBLEM AND AN INTERIM SOLUTION 
 
Robert Peterson and Lindell Ormsbee 
Dept. of Civil Engineering 
University of Kentucky 
Phone: 502-500-6171 
Email: kylepeterson13@gmail.com 
 
The Soil Conservation Service (SCS) Curve Number method has been widely used 
in engineering practice since 1975 when the SCS expanded the original 1954 method to 
include runoff from urban watersheds with the publication of TR-55. However, unlike the 
original method, the urban curve numbers were not based on experimental data, but were 
derived assuming a weighted average between impervious and pervious areas where the 
pervious areas in urban settings were assumed to behave like pasture. Additionally, 
weighting the curve numbers of pervious and impervious areas instead of weighting the 
runoff from each area introduces error into the final estimation of runoff. This presentation 
will seek to examine the legitimacy of these assumptions and propose an alternate set of 
simple equations for use in estimating curve numbers in urban areas. 
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POTENTIAL MECHANISM CONTRIBUTING TO THE DEVELOPMENT OF 
COVER COLLAPSE IN KENTUCKY 
 
James C. Currens, M.S., P.G. 
Kentucky Geological Survey 
University of Kentucky 
504 Rose St., 228 Mining and Mineral Resources Building 
Lexington, KY 40506-0107 
859-323-0526 
currens@uky.edu 
 
Sudden and unpredictable collapse of unconsolidated earth material over soluble 
bedrock is referred to as cover collapse. Cover collapse in Kentucky frequently damages 
buildings, roads, utility lines, and farm equipment. It has killed livestock, including 
thoroughbred horses, and has injured people at an estimated annual cost near $20 million 
(Dinger and others, 2007). The Kentucky Geological Survey began developing a catalog 
of case histories in 1997 and receives roughly 24 reports annually (Currens, 2012). Yet 
the catalog is thought to represent only a fraction of the annual occurrences. The cover-
collapse sites documented in the catalog are distributed across the state and total more 
than 354 individual occurrences. 
 
The largest cover 
collapse in size recorded was 
the Dishman Lane collapse in 
Bowling Green, although it 
also included some bedrock 
collapse. The average 
dimensions of cover collapse 
reported here is 2.7 meters for 
the long axis and 1.9 meters for 
the short axis. The observable 
depth averages 2.4 meters. The 
parameters average diameter, 
asymmetry, and circularity 
were calculated from the length 
and width dimensions. There 
were no observations that 
suggested that asymmetry in 
the covering material is 
causing uneven development 
of the collapse.  
Figure 1. The number of cover collapses that have 
occurred during a calendar month, regardless of year. 
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Only 7 percent of the cover-collapse sites occur within larger preexisting sinkholes 
determined from 1:24,000-scale topographic maps. Of a total of 216 observations that 
noted the presence or absence of buried trash, 10.7 percent of sinkholes had trash present, 
an indication the collapse had been previously filled. These results suggest that cover 
collapse initiates the development of doline sinkholes. But the cover-collapse process 
does not commonly repeat in more mature sinkholes (Currens and others, 2012). 
 
The parameters for cover collapse, measured or calculated, were significantly 
skewed for most of the sample sets (Brinkmann and others, 2008). Variance and the 
student’s t-test suggest that there is little difference in the geometry between cover 
collapses that happen over Ordovician versus Silurian and Devonian carbonates. 
However, the collapses on Mississippian rocks have large differences in the variance of 
the mean for asymmetry, circularity, and diameter compared to the variance for 
Ordovician and Silurian-Devonian cover collapses. There is no statistical difference in 
mean depth between cover collapse over Mississippian rocks and over Ordovician rock or 
mean depth of cover collapse over Ordovician compared to over Silurian-Devonian rock. 
The count of cover collapses per calendar month follows a yearlong cycle that changes 
trend in mid-summer and again in mid-winter (Fig. 1). The number of collapses reported 
is at a minimum in February, but the number of collapses steadily increases, correlated 
with air temperature, through July. The air temperature reaches a peak in August, and as 
the temperatures begin to cool in the fall, the number of collapses decreases through 
December into January. Air temperature may be an important component of the cover-
collapse process, possibly accelerating drying of the soil cover, either directly by 
evaporation or by evapotranspiration, resulting in subsequent collapse. 
 
References Cited 
Brinkmann, R., Parise, M., and Dye, D., 2008, Sinkhole distribution in a rapidly 
developing urban environment: Hillsborough County, Tampa Bay area, Florida: 
Engineering Geology, v. 99, p. 169–184. 
Currens, J.C., 2012, Cover-collapse sinkholes in Kentucky, USA: Geographic and 
temporal distribution: Carbonates and Evaporites, v. 27, p. 137–142. 
Currens, J.C., Paylor, R.L., Beck, E.G., and Davidson, B., 2012, A method to determine 
cover-collapse frequency in the Western Pennyroyal karst of Kentucky: Journal of 
Cave and Karst Studies, v. 74, no.3, p. 292–299. 
Dinger, J.S., Zourarakis, D.P., and Currens, J.C., 2007, Spectral enhancement and 
automated extraction of potential sinkhole features from NAIP imagery—Initial 
Investigations: Journal of Environmental Informatics, v. 10, no. 1, p. 22–29. 
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PRELIMINARY ASSESSMENT OF THE GEOTHERMAL POTENTIAL OF THE 
ALLUVIAL AQUIFER BENEATH LOUISVILLE, KENTUCKY CREATED BY 
RISING GROUNDWATER LEVELS AND TEMPERATURES 
M.D. Unthank and K.G. Unthank 
U.S. Geological Survey 
Indiana-Kentucky Water Science Center 
9818 Bluegrass Parkway 
Louisville, Kentucky  40299 
502-493-1932 
munthank@usgs.gov 
 
Groundwater-level measurements taken in March 2012 indicate an increase in 
water levels of up to 40 feet in parts of the alluvial aquifer at Louisville, Kentucky, 
relative to measured groundwater conditions in May 1945, nearly doubling the 
volume of the aquifer.  The rising trend in groundwater levels began in early 1945 
as the demand on the area’s groundwater resources declined due in part to a 
decrease in war-time production and the administration of a new sewer use tax 
(Rorabaugh, 1949).  Likewise, groundwater temperature measurements taken in 
May 2013 indicated a groundwater warming trend of up to 5 degrees Celsius over 
the period 1945 to 2013.   Potential causes of increasing groundwater temperatures 
include climate change, land use change, leaky sewers, and groundwater flow.  
The result of these changing conditions is a present-day surficial alluvial aquifer 
with elevated temperatures forming a vast thermal energy reservoir for possible 
geothermal use. 
 
Zhu and others (2010) developed a method to estimate the theoretical geothermal 
potential by quantifying the potential heat capacity in aquifers beneath urban land 
uses with elevated groundwater temperatures.  This method was applied to 
calculate the potential heat content and available energy development capacity of 
the alluvial aquifer at Louisville.  Results indicate that the estimated amount of 
extractable geothermal energy yielded from a simulated 2 degrees Celsius decrease 
in groundwater temperature in the alluvial aquifer beneath Louisville is 
approximately 20 to 50 times the estimated residential natural gas demand for 
space heating for the whole city in 2015. 
 
References 
Rorabaugh, M.I., 1949, Progress report on the ground-water resources of the 
Louisville area, Kentucky 1945-49:  U.S. Geological Survey Open-File Report 
prepared in cooperation with the city of Louisville and Jefferson County, 64 p., 
17 figs. 
Zhu, K., Blum, P., Ferguson, G., Balke, KD, and Bayer, P., 2010, The geothermal 
potential of urban heat islands:  Environmental Research Letters, 5, article no. 
044002 
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INFLUENCE OF LAND USE ON SOIL BULK DENSITY, INFILTRATION, AND 
NRCS RUNOFF CURVE NUMBER 
 
Samuel Austen1, Dwayne Edwards1, Carmen Agouridis1, and Lindell Ormsbee2 
1Biosystems and Agricultural Engineering Department, University of Kentucky 
samuel.austen@uky.edu 
2Kentucky Water Resources Research Institute, University of Kentucky 
 
Curve numbers (CN) are used to estimate the amount of runoff that will occur for a given 
rainfall event. In urban landscapes, construction activities, pedestrian traffic, and the like 
can significantly increase soil compaction. The recommended CN values for these “open 
areas” may not accurately represent rainfall-runoff relationships due to differing levels of 
compaction which influence bulk densities and infiltration rates of soils. Over time, plant 
and animal activities, such as root development and burrowing, can restore soils to pre-
construction conditions. The CNs currently available in engineering design manuals do not 
consider the effect of soil compaction, which can vary for the same land use. In parks, for 
example, areas with high foot traffic (e.g. paths) are expected to generate more runoff than 
areas with low levels of foot traffic. Supplying engineers with a better set of CNs will help 
in the design of structures to control stormwater.  
 
This project is examining the effect of compaction on the soil’s ability to allow infiltration 
by 1) determining the bulk densities for residential lawns as related to age of the residence 
and hydrologic soil group (HSG), 2) determining representative infiltration rates for 
residential lawns as related to bulk density, age of the residence, and HSG, 3) evaluating 
the degree to which lab-constructed soil bulk density plots mimic in situ infiltration 
behavior, and 4) using soil plots to determine CNs for a range of bulk densities. Preliminary 
findings for the first objective will be presented.  
 
All data were collected in Fayette County, Kentucky. The HSGs examined were B and C, 
which comprise about 48% and 43%, respectively, of Fayette County. The age classes 
(AGE) tested were NEW (<10 years), MEDIUM (25-35 years), and OLD (50+ years). A 
total of 18 lawns were examined (2 HSG x 3 AGE categories x 3 replications). For each 
lawn, bulk density measurements were obtained at five depths (DEPTH; 2, 4, 6, 8, and 10 
inches from the surface) for three separate locations using a Troxler 3440 surface-moisture-
density gauge. A three-way analysis of variance (ANOVA) was used to determine the 
presence of significant differences (=0.05). Factors were HSG, AGE, and DEPTH. 
 
Preliminary bulk density results indicate that significant differences are present for AGE 
and DEPTH but not HSG. HSG B had a mean bulk density of 77.8 lb ft-3 while HSG C had 
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a mean value of 80.6 lb ft-3. For AGE, NEW (mean=87.1 lb ft-3) was significantly different 
than MEDIUM (76.7 lb ft-3) and OLD (73.9 lb ft-3). These findings suggest that as lots age, 
bulk densities decline (i.e. compaction lessens) though this difference fades over time (no 
significant difference between MEDIUM and OLD). One hypothesis is that reductions in 
bulk density in older lots may be due to increases in macropores from tree roots, 
earthworms, and the like. For DEPTH, bulk density increased with increasing depth. A 
DEPTH of 2 inches was significantly different than a DEPTH of 4 inches. DEPTH values 
of 2 inches and 4 inches were significantly different than 6, 8, and 10 inches. No differences 
were noted between 6, 8, and 10 inches. We hypothesize that compaction in the upper 2 
inches is alleviated to an extent by grass roots, which are typically shallow. No significant 
interactions between factors were noted. 
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FEATHERED OR FOUR-LEGGED: 
WORKING TOGETHER TO MANAGE MANURE IN KENTUCKY 
 
Amanda Gumbert, Macy Fawns, Karen Woodrich, Paulette Akers, Jim Roe, and 
Kimberly Richardson 
N-122T Ag Science North 
Lexington, KY 40546-0091 
859-257-6094 
amanda.gumbert@uky.edu 
 
The Kentucky Agriculture Water Quality Act requires all farmers generating or utilizing 
nutrients on 10 acres or more develop and implement a nutrient management plan. The 
level of complexity of a nutrient management plan is case-specific; some operations require 
additional permits from the Kentucky Division of Water (KDOW). These rules and 
regulations are often confusing for farmers, resulting in violations of state law. The 
University of Kentucky College of Agriculture, Food, & Environment (UK-CAFE) 
partnered with the United States Department of Agriculture Natural Resources 
Conservation Service (USDA-NRCS) Kentucky office, KDOW, Kentucky Division of 
Compliance Assistance (DCA), and the Kentucky Division of Conservation (DOC) to 
assist farmers and landowners with nutrient management planning. This partnership 
created a staff position in the UK-CAFE to work directly with producers in need of 
assistance to become compliant with state and federal regulations regarding the 
management of fertilizer, manure, and other sources of nutrients on the farm. The main 
goals of this project have been to 1) develop and deliver a nutrient management and water 
quality education program for technical staff and agricultural producers; 2) utilize nutrient 
management specialists to assist producers in the implementation of nutrient management 
plans to comply with the KY Agriculture Water Quality Act; and 3) bring technical field 
staff (NRCS, DOC, etc.), state regulators, and livestock producers to consistent 
understanding of nutrient management and agricultural water quality issues.  
In the first year of the partnership over 30 individual nutrient management plans were 
developed, primarily focused on dairies. In addition, four, two-day workshops held across 
the state trained 66 staff from Conservation Districts, KDOW, UK-CAFE, and Kentucky 
Dairy Development Council to assist farmers. The workshops provided technical and 
hands-on activities, allowing the staff to create a sample nutrient management plan on their 
own. Post-workshop surveys indicated that over 88 percent of people agreed or strongly 
agreed they could assist landowners in developing a nutrient management plan. As a result, 
staff who attended a training can now provide local assistance to help producers develop a 
Kentucky Nutrient Management Plan, KY Ag Water Quality Plan, and apply for needed 
permits to be in compliance with state law. Staff also enhanced online planning tools and 
created and distributed six news articles for use in local Conservation District and 
Extension Service newsletters. 
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THERE’S A PURPLE COW IN MY MS4 
 
Steve Higgins 
128 C.E. Barnhart Building 
Lexington, KY 40546 
859-218-4326 
shiggins@uky.edu 
 
There are approximately 38,000 beef producers in Kentucky. Their main goal is to 
make a profit, whereas, scientists and conservationists interested in the planning and 
management of land strive for sustainability. A sustainable beef operation would meet the 
needs of the present without compromising the ability of future generations to meet their 
needs. To many, this means an operation that has a strong conservation program, which 
protects natural resources and possibly regenerates natural resources. The contradictory 
goals of ecological conservation and economic existence between conservationists and 
beef producers creates a struggle. The challenge is to create a system that achieves both 
ecological and socioeconomic sustainability at the same time. This would create buy-in of 
conservation practices, by beef producers, and successful watershed projects.  
 
A partnership has been developed between the Kentucky Beef Network (KBN) and 
the College of Agriculture to demonstrate a sustainable system. The site chosen was the 
Eden Shale Farm, in Owenton KY, that is managed by KBN. The goal of the project was 
to implement production practices that increase profits while at the same time benefitting 
the environment. The Best Management Practices (BMPs) implemented were designed to 
increase infiltration, while reducing runoff, erosion, and potential nutrient/pathogen 
contamination associated with production areas. One objective of the project was to 
increase producer acceptance and adoption of the concepts of demonstrated practices.  
 
 
                                                                      18
NOTES 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
19 
 
FIELD SCALE CHARACTERIZATION OF SOIL HYDRAULIC CONDUCTIVITY 
AND ITS IMPLICATION FOR IRRIGATION MANAGEMENT 
Xi Zhang and Ole Wendroth, Ph.D. 
Department of Plant and Soil Sciences, University of Kentucky 
(859) 420-1138 
xi.zhang@uky.edu 
Interest in irrigation is gaining momentum among Kentucky farmers. Improving irrigation 
strategies is of primary importance for conserving water during dry season mainly through 
avoiding over-irrigation and using available water resources in the most efficient way. The 
understanding of soil water infiltration behavior in different zones of agricultural 
production fields is crucial to develop effective field irrigation water management. Soil 
water infiltration is affected by hydraulic conductivity. The primary objective of this study 
was to characterize hydraulic conductivity at the field scale and analyze its influence on 
soil water flow. 
Undisturbed soil cores (D= 8.4 cm, H= 6 cm) were collected from 10 soil profiles at five 
depths in a farmer’s field in Princeton, Kentucky for measuring soil hydraulic conductivity. 
Saturated hydraulic conductivity (Ksat) was measured with a permeameter based on Darcy’s 
law under constant and falling head conditions. Ksat in sampling locations was also 
estimated from pedotransfer functions and soil survey. The surface runoff and soil water 
infiltration were simulated using HYDRUS-1D. Ksat from different sources was used as an 
input hydraulic parameter in the simulation.  Results from this research can be used as a 
reference to help farmers apply water in the right areas with the right amount and intensity 
at the right time while minimizing the potential risk of surface runoff. 
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THE PLEASANT GROVE SPRING NONPOINT-SOURCE POLLUTION 
STUDY:  REVIEW OF AN UNDERUSED DATA SET 
 
James C. Currens, M.S., P.G. 
Kentucky Geological Survey, University of Kentucky 
504 Rose St., 228 Mining and Mineral Resources Building 
Lexington, KY 40506-0107 
859-323-0526 
currens@uky.edu 
 
Younger researchers in Kentucky may not be familiar with the karst groundwater-
quality work done at Pleasant Grove Spring in Logan County nearly 30 years ago 
(Currens, 1999, 2005). The location was chosen to monitor water quality during the 
adoption of best management practices intended to protect groundwater from pollutants 
generated by modern agriculture. The study determined the basic hydrogeology, 
springshed boundaries, fundamental groundwater-quality parameters, and the measured 
flux of pollutants. Ninety-two percent of the 4,069-hectare springshed is used for 
agriculture. During the 1990-91 water-year, reconnaissance samples were collected and 
the karst hydrogeology was mapped. The second year, instrumentation was installed in 
the springshed where natural features allowed access to resurging groundwater. In the 
1992–1994 water years, water-quality sampling was conducted before BMPs were put in 
place. Water-quality monitoring and sampling was continued through November 1998. 
The data set is large and contains water-quality analyses for 1,226 samples from 
Pleasant Grove Spring, 174 samples from George Delaney swallow hole, and Upper 
Pleasant Grove Creek, and 398 samples from Leslie Paige karst window. Spring Valley 
karst window, the Canyon karst window, and other topical sites were sampled less 
frequently. The data set also contains quality-control and precipitation samples. The 
discharge data include rating curves for six locations (Pleasant Grove, Spring Valley, 
Leslie Paige, George Delaney, and 
Upper Pleasant Grove Creek); stage 
data were recorded every 10 minutes. 
The discharge records cover May 
1992 through November 1998. The 
Pleasant Grove Spring discharge 
record is nearly 100 percent complete 
between those dates and includes more 
than 341,000 records. The Leslie 
Paige karst window stage record is 84 
percent complete and has nearly 
281,000 observations. 
Water samples were analyzed 
using two constituent lists: a 
comprehensive group that included 
major ions as well as nutrients and 
pesticides measured by both gas 
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chromatograph and immunosorbent assay, and a “base” flow list limited to nitrate and 
four pesticides measured by ELISA. Bacteria samples were also collected. The figure 
above illustrates the precision of the results from ELISA analyses for triazines and gas 
chromatograph analysis of atrazine, one of the pesticides that make up the triazines 
group. The linear regression is remarkable in that the correlation coefficient is 0.95. 
The pre- and post-BMP water quality was statistically evaluated by 
comparing the annual mass flux, annual descriptive statistics, and population of 
analyses for the two periods. Nitrate-nitrogen concentration was essentially 
unchanged. Pre-BMP nitrate-nitrogen concentration averaged 4.65 mg/L, and 
post-BMP average was 4.74 mg/L. Total suspended solids concentration 
decreased slightly, whereas orthophosphate concentration increased slightly. The 
pre-BMP median total suspended solids concentration was 127 mg/L, and post-
BMP was 47.8 mg/L. The pre-BMP median triazine concentration measured by 
ELISA was 1.44 g/L and the post-BMP was 1.48 g/L. However, increases in 
atrazine-equivalent flux and triazine geometric averages were not statistically 
significant. Fecal streptococci counts were reduced post-BMP. Pre-BMP median 
bacteria counts were 418 colonies per 100 ml for fecal coliform and 540 col/100 
ml for fecal streptococci. The median fecal coliform count increased to 432 
col/100 ml after BMP implementation, but the median fecal streptococci count 
decreased to 441 col/100 ml. 
In the fall of 1995, approximately 72 percent of the watershed was 
enrolled in BMPs sponsored by the U.S. Department of Agriculture’s Water 
Quality Incentive Program. Among the BMPs available, record-keeping was the 
most widely used (2,365 ha), followed by conservation cropping sequence (2,046 
ha) and crop residue use (1,839 ha). The application of conservation cover crops, 
pasture management, and nutrient management were the next most used practices 
(average of 300 ha), and the practices most likely to benefit the groundwater. 
Other practices used were conservation tillage, filter strips, grasses and legumes 
in rotation, livestock exclusion, pasture planting, pest management, and waste 
utilization. The BMPs were only partially successful because the types available 
and the rules for participation resulted in less effective BMPs being chosen. 
An example of potential uses of the data from the Pleasant Grove Study is 
a project conducted in 2007. Austin Peay State University secured a grant from 
the Kentucky nonpoint-source program to implement a stream restoration project 
on Pleasant Grove Creek from Pleasant Grove Spring to the Red River, a tributary 
of the Cumberland River. 
(http://www.redriverwatershed.org/pleasant%20grove.htm last visited Jan. 24, 
2017). 
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KENTUCKY’S SOURCE WATER PROTECTION PROGRAM 
 
Robert J. Blair, P.G. 
Kentucky Division of Water 
300 Sower Boulevard, Frankfort, KY  40601 
(502)782-6893 
robert.blair@ky.gov 
 
 
During the late 1990s and early 2000s the Kentucky Source Water Protection programs were 
developed with the implementation of the Wellhead Protection Program (WHPP) and Source 
Water Assessment and Protection Program (SWAPP) for drinking water systems.  Kentucky’s 
SWAPP was the first in the country to be approved by EPA.  While these programs have 
sometimes worked in tandem, the programs have been administered by different groups within 
the Division of Water (DOW). The WHPP, required by state regulation, provides for phased plan 
development and 5-year updates.  The SWAPP is also required by regulation, but does not carry 
similar provisions for regular updates.   
 
There are approximately 400 community drinking water systems in Kentucky, serving roughly 
95% of the state’s population.  Recent national and local events have exposed potential threats to 
drinking water quality and increased public awareness of protecting drinking water supplies.   
The DOW has recently combined the WHPP and SWAPP programs under a single Source Water 
Protection (SWP) program, administered by the Watershed Management Branch.  SWP 
personnel are focused on evaluating and improving the program and have identified four avenues 
of program advancement.  The first is through evaluating current SWP plans and prioritizing 
their updates based on need and potential outcomes.  The next is to identify partnerships and 
encourage stakeholder collaboration.  DOW has also developed an assistance program that 
provides funding for SWP projects conducted by water systems and/or the entities that they 
serve.  The last is SWP promotion through meetings and conferences across the state to inform 
stakeholders and the general public.  Utilizing these initiatives and stakeholder feedback, DOW 
will develop an effective SWP program focused on assistance and implementation. 
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ASSISTANCE PROGRAM FOR SOURCE WATER PROTECTION:  
SUCCESS IN KENTUCKY 
 
 
Laura A. Norris and Allan D. Shingleton 
Kentucky Division of Water 
   Watershed Management Branch 
300 Sower Blvd.  
Frankfort, KY 40601 
(502)-782-7029 
laura.norris@ky.gov 
 
 
Source water protection is a dynamic approach to guarding public health by protecting 
drinking water supplies. However, water systems often have limited control of the 
activities occurring within their source water protection areas. An effective means to 
reduce water treatment costs and safeguard water supplies is to protect and improve the 
contributing area.  
Planning source water protection is the first step to ensure safe drinking water. However, 
strategies with a high likelihood of implementation will create the most positive impact. 
In order to assist public water suppliers with their protection measures, the Kentucky 
Division of Water has developed the Source Water Protection Assistance Program 
(SWPAP). The program is designed to provide communities with funding to develop and 
implement projects within a one-year time frame. Eligible activities include those 
projects that lead to a reduced risk of degradation or contamination of the drinking water 
source and must provide long-term benefits to source water quality. 
SWPAP began in 2014 and has since funded diverse and creative projects across the 
Commonwealth. The number of applications and competition for funding has steadily 
increased and this is expected to continue. Many projects were completed in a short 
period of time such as plugging unused water wells or public education events. Other 
projects have been more in depth, such as implementation of Best Management Practices 
around a reservoir to reduce the nutrient load, or surveying unused septic systems within 
a Wellhead Protection Area. Regardless of whether the project is strictly planning, 
implementation, or a combination of both, the overall goal is to positively impact the 
quality and quantity of the public drinking water supply. The efforts made by the water 
systems and entities they serve continue to indicate an optimistic future for Source Water 
Protection in Kentucky. 
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ASSESSING CLIMATE CHANGE IMPACTS ON FUTURE WATER 
AVAILABILITY AND DROUGHTS IN THE KENTUCKY RIVER BASIN 
 
Somsubhra Chattopadhyay, Graduate Research Assistant  
Dept. of Biosystems and Agricultural Engineering 
University of Kentucky 
234 C.E. Barnhart Building 
Lexington, KY 40546 
Phone: (859) 257-3000 
Email: schattop14@uky.edu  
 
Dwayne R. Edwards, Professor 
Dept. of Biosystems and Agricultural Engineering 
University of Kentucky 
106 C.E. Barnhart Building 
Lexington, KY 40546 
Phone: (859) 257-5657 
Email: dwayne.edwards@uky.edu  
 
 
Global climate change is anticipated to raise a variety of challenges to water 
resources management. This study evaluated the potential impacts of climate change on 
hydrologic processes and droughts over the Kentucky River basin using the Soil and Water 
Assessment Tool (SWAT) watershed model. The SWAT model was successfully 
calibrated and validated then executed with forecasted precipitation and temperature 
outputs from a suite of Coupled Model Intercomparison Project Phase 5 (CMIP5) global 
climate models (GCMs) corresponding to two different representative concentration 
pathways (RCP 4.5 and 8.5) for two distinct time periods; 2036-2065 (mid-century) and 
2070-2099 (late-century). Climate projections indicate modest increases in average annual 
precipitation and temperature in the future relative to the baseline (1976-2005) period. 
Monthly variations of water yield and surface runoff demonstrate increasing trends in 
spring and fall, while winter months are projected as having decreasing trends. 
Evapotranspiration (ET) displayed a consistent increasing trend in winter months, but a 
decreasing trend in summer months under all future scenarios. Spatial analysis indicated 
basin-wide increases in water yield and surface runoff, but to a lesser degree in the north-
central portion. Meteorological and hydrological droughts were quantified using the 
Reconnaissance Drought Index (RDI) and Streamflow Drought Index (SDI). In general, 
maximum drought length is expected to increase, while drought intensity might decrease 
under future climatic conditions. Hydrological droughts, however, are predicted to be less 
intense but more persistent than meteorological droughts. Results of this study can be 
helpful in ensuring sustainable water resources in the Kentucky River Basin under 
changing climate as reflected by the GCMs.   
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VARIANCE DECOMPOSITION OF MAXIMA EXTREME STREAMFLOW 
FORECASTED WITH GLOBAL CLIMATE MODELS 
 
Nabil Al Aamery 
Ph.D. Candidate  
Department of Civil Engineering 
University of Kentucky 
354F O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 536-1934 
Email: nabil.hussain@uky.edu 
 
Jimmy Fox 
Professor 
Department of Civil Engineering 
University of Kentucky 
354G O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: james.fox@uky.edu 
 
 
The concern of potential climate change impacts on flooding motivated the 
authors to investigate the net predicted change in future streamflow extremes and its 
variance for the wet region of southeast US. The authors recognized that differences in 
the prediction of maxima extremes (i.e., floods) within coupled climate-hydrologic 
modeling are possible based on the type of global climate model applied, the downscaling 
method, the project phase considered, the emission scenarios, the bias correction method 
applied, and the extremity  probability analyses performed. Therefore, the specific 
objective of this contribution was to decompose the variance associated with the maxima 
extreme prediction from different factors, ranking the significant factors, and provide a 
balanced design for future maxima extreme predictions.  
The research method coupled climate and hydrologic modeling for forecast and 
hindcast simulations and thereafter performed variance decomposition of modeling 
results. Publically available global circulation model results and the Soil Water 
Assessment Tool (SWAT) were used to predict streamflow for the South Elkhorn 
Watershed in central Kentucky, USA to 2050.  The annual maxima and peak over 
threshold series were extracted from 113 SWAT model runs, and each series was then 
fitted to probability density functions. Three return periods, including 2-year, 20-year, 
and 100-year, were calculated for the forecast and hindcast periods in order to predict the 
percent difference in the extreme streamflows. A number of analysis of variance models 
were then carried out to identify and rank the contribution of each climate modeling 
factor to the variance of maxima extremes.  
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Variance decomposition results indicate that the prediction of the percent change 
in maxima extremes is a function of a number of factors ranked in order of importance as 
global circulation model type, downscaling approach, climate model project phase, bias 
implementation, and emission scenario. Surprisingly to the authors, the percent change in 
maxima extreme is not dependent on the extreme series type. In addition, our results 
suggest an average increase in the return levels of 2-year, 20- year, and 100-year return 
periods by 25(±19) %, 36(±40) % and 49(±81) %, respectively, for the future period 2050 
as compared to the hindcast period.  We suggest that the prediction of maxima extreme 
can provide a kernel for considering the non-stationarity in the prediction of maxima 
extremes across regions.  
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AQUAVIT:  A HUBZERO-BASED COLLABORATION PORTAL  
FOR THE AFI AND SENSE PROJECTS 
 
Jack Smith, Justin Chapman 
Marshall University 
One John Marshall Drive 
Huntington, WV  25755 
304-545-2759 
Smith1106@marshall.edu 
Chapman140@marshall.edu  
 
In order to facilitate collaboration among water researchers in the Appalachian region, a 
web-based collaboration portal is being developed that is based on the HUBzero™ 
framework, which was developed at Purdue University and continues to be developed and 
supported through the HUBzero™ Foundation.   
This portal is called Aquavit and is currently hosted at Marshall University, but it serves 
both the WV AFI (Appalachian Freshwater Initiative) and WV-KY SENSE (Sensing and 
Educating the Nexus to Sustain Ecosystems) projects, both multi-institutional projects 
funded by NSF EPSCoR. 
This platform provides many traditional web-based tools to support collaboration, 
including: discussion forums, file sharing, group/project management tools, wiki pages, 
resource collections, etc.  A particularly attractive and useful component is one that 
provides the ability for each user to have a private workspace (a Linux container) to 
develop, run, and share tools, as well as submit large computational jobs to remote 
resources. 
This paper will provide an overview and brief live demonstration of the Aquavit portal, 
including some of the tools being implemented for watershed modeling, remote job 
submission, and a data portal for posting, sharing, and exchanging data with external 
sources. 
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MICROSCALE ELECTROKINETICS FOR PHYTOPLANKTON ANALYSIS 
 
Stuart J. Williams1* and Susan P. Hendricks2 
 
1. Mechanical Engineering Department, University of Louisville, Louisville, KY 40292 
2. Hancock Biological Station, Murray State University, Murray, KY 42071 
*Corresponding author: 502-852-6340, stuart.williams@louisville.edu 
 
There are many cases where the analysis of individual cells within a population gives 
insight into environmental conditions (ex: phytoplankton) or human health (ex: red blood 
cells). Many techniques have been developed through the advancement of microfluidic 
devices. Microscale electrokinetic techniques, which have been under continuous 
development under the past few decades for lab-on-a-chip systems, can be used for sample 
enrichment, selective particle sorting, and/or sample analysis. These techniques generate 
relatively large electric fields (~106 V/m) using submillimeter electrodes connected to a 
benchtop waveform generator.  
 
This presentation will begin with an introduction to dielectrophoresis, a popular microscale 
electrokinetic technique that uses non-uniform electric fields for microparticle 
manipulation. Next, the current status and recent work of a collaborative research project, 
recently supported by NSF Instrument Development for Biological Research, will be 
highlighted. This microscale electrokinetic platform operates using a unique electrode 
geometry which generates a constant dielectrophoretic force thereby applying a constant 
force (and thereby constant velocity) to all exposed particles. By tracking the trajectory 
and speed of particle motion microscopically, the dielectric spectra of individual particles 
can be acquired; such data will ultimately be able to differentiate subpopulations of cells. 
To date, proof-of-concept tests have been performed on polystyrene particles.  We will 
expand tests to subpopulations of freshwater phytoplankton. High throughput of algal cells 
allows extraction of cellular dielectric properties and will provide insight into cellular 
morphology and physiological condition. Our objective is to expand the use of microscale 
electrokinetic techniques to the cells of several freshwater algae taxa as a potential 
diagnostic of the health status of aquatic ecosystems.   
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SELENIUM REDUCTION BY A CO-CULTURE OF PANTOEA VAGANS STRAIN 
EWB32213-2 AND SHIGELLA FERGUSONII STRAIN TB42616 
 
Yuxia Ji and Yi-tin Wang 
Department of Civil Engineering, University of Kentucky, Lexington KY 40506 
Tel: (859)699-6545  Email: Yuxia.ji@uky.edu 
 
Background 
Selenium occurs naturally in environment, distributed widely but unevenly in the earth 
crust. Though selenium concentration in ambient water is commonly less than 1g/L, a 
high concentration ranging from 10 to 100 g/L may be detected and sometimes even 
exceeding 1000 g/L (Lemly 2004). Selenium toxicity can be caused at high-level 
exposure. Selenium should be removed from the environment due to its toxicity at high-
level exposure, especially from waters considering its significant damage to fish or other 
aquatic life (Eisler 1985). Microbial selenium reduction has been studied for many years. 
In 1992, a Pseudomonas stutzeri isolate was reported capable of both Se(VI) (selenate) and 
Se(IV) (selenite) reduction to Se(0) (elemental selenium) (Lortie, Gould, Rajan, 
McGready, & Cheng, 1992). In 1996, two strains, i.e. Pseudomonas fluorescens and 
Bacillus subtili, were found able to reduce Se(IV) to Se(0) (Garbisu, Ishii, Leighton, & 
Buchanan, 1996). 
 
In our previous study (Ji and Wang 2016), Se(IV) generated from Se(VI) reduction using 
an E. Coli strain was observed to accumulate in the reactor because of the significantly 
faster rate of Se(VI) reduction than Se(IV) reduction. In this study, a Se(IV)-reducing 
strain, Pantoea vagans EWB32213-2, was co-cultured with Shigella fergusonii TB42616 
in a batch reactor to enhance Se(IV) reduction rate. Wide pH and temperature ranges were 
also investigated in order to determine the optimal condition for selenium reduction in the 
co-culture.  
 
Materials and methods 
Bacterial Strains: The Pantoea vagans strain EWB32213-2 and the Shigella fergusonii 
strain TB42616 were isolated from a coal slurry pond at E.W. Brown Generating Station 
in Harrodsburg, Kentucky, and the aeration basin in Town Branch Wastewater Treatment 
Plant in Lexington, Kentucky, respectively. They were subsequently identified by 16S 
rRNA sequencing. Both strains were preserved on agar plates at 4°C and then grown at 
30°C with constant agitation in Erlenmeyer flasks with nutrient broth for 16 hours. Cells 
were harvested by centrifugation and washed three times. 
 
Analytical method: Se(IV) and Se(VI) were measured according to the colorimetric 
method (Rice et al. 2012). The cell density was measured by a cell counter, and the pH was 
measured with a pH meter.  
 
Results and Discussion 
No significant selenium reduction was observed in the control experiments, indicating that 
no chemical reaction occurred between the inactive cells of both strains and the medium. 
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The evaluation of pH effect on selenium reduction of both strains was performed at 30°C 
after flushed with nitrogen supplemented with 5 g/L glucose in the Erlenmeyer flasks. As 
shown in Table 1, the optimal pH for Pantoea vagans strain EWB32213-2 of Se(IV) 
reduction was at pH 7 with a highest reduction rate of 90.05% from Se(IV) to Se(0) after a 
4-day incubation. As for Shigella fergusonii strain TB42616, the optimal pH was 
determined as pH 8 with an approximate selenium reduction rate 79% from Se(VI) to Se(0) 
after 4 days. The temperature effect on selenium reduction is shown in Table 2. An optimal 
temperature of 30°C was also observed according to the highest selenium reduction of 
91.91% for Pantoea vagans strain EWB32213-2. While, the selenium reduction peaked for 
Shigella fergusonii strain TB42616 at 40°C with a rate of 92.3%. 
 
Future study will focus on batch experiments of selenium reduction using a co-culture of 
Pantoea vagans strain TB42616 and the Shigella fergusonii strain EWB32213-2. The 
factors including bacterial composition and Se(VI) and Se(IV) concentrations will be 
investigated.  
 
Table 1. The selenium reduction rate of Pantoea vagans EWB32213-2 strain and Shigella 
fergusonii strain TB42616 at different pHs after a 4-day incubation. 
Strain pH 4 pH 5 pH 6 pH 7 pH 8 pH 9 
Pantoea vagans 13.27% 20.93% 54.08% 90.05% 87.17% 86.24% 
Shigella fergusonii 0.11% 2.28% 1.67% 30.95% 78.72% 57.76% 
 
Table 2. The selenium reduction rate of Pantoea vagans EWB32213-2 strain and Shigella 
fergusonii strain TB42616 at different temperatures after a 4-day incubation. 
Strain 20℃ 30℃ 40℃ 50℃ 
Pantoea vagans 55.85% 91.91% 77.41% 9.29% 
Shigella fergusonii 33.51% 66.95% 92.30% 21.45% 
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EFFECTS OF TEMPERATURE AND MACRONUTRIENT RATIOS (N:P) ON  
Microcystis aeruginosa TOXIN PRODUCTION AND GROWTH 
 
Brandon L. Yates and Brian C. Reeder 
Department of Biology and Chemistry 
Morehead State University 
Morehead, KY 40351 
(606) 783-2957 
blyates@moreheadstate.edu  
b.reeder@moreheadstate.edu 
 
Microcystis aeruginosa is a potentially toxic cyanobacteria, capable of harming 
and killing both aquatic and terrestrial fauna. Toxic algal blooms have become prevalent 
in Kentucky due to nutrient loading and global climate change. Current literature 
regarding Microcystin production and its correlation with total nitrogen to total 
phosphorus ratios (TN:TP) is conflicting. We investigated what macronutrient ratios 
were more conducive to algal growth and potential toxin production. We analyzed toxin 
production and M. aeruginosa growth in environmental chambers. M. aeruginosa was 
grown in TN:TP ratios of 2.3, 5, 10, and 20 in temperatures of 20, 22, and 24°C. Axenic 
cultures were maintained at ~30 µmols photons m-2 s-1 in a 16/8 hour light/dark cycle. An 
Abraxis Adda Elisa was used to assess [Microcystin] in vivo after 14 days of growth. 
Algae growth was assessed using both cell counts and [chlorophyll a]. Greatest algal 
growth was observed at 24°C with TN:TP = 20; while lowest growth occurred at 20°C 
with TN:TP = 2.3.  No significant correlation existed between toxin production and 
TN:TP ratios, regardless of temperature. All conditions resulted in [Microcystin] > 1.64 
µg L-1 (measured as Microcystin-LR). Proper watershed management practices should be 
implemented to lower nutrient concentrations, especially in waterways used as, or 
draining into, public drinking water supplies. 
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REAL-TIME, CONTINUOUS MONITORING OF NUTRIENTS AND BIOLOGICAL 
PARAMETERS IN KENTUCKY’S RIVERS AND LAKES 
Mac A. Cherry, Hydrologist, U.S. Geological Survey Indiana-Kentucky Water Science 
Center     9818 Bluegrass Parkway, Louisville, Kentucky, 40299                                                   
(502) 493-1912                                                                                          
macherry@usgs.gov 
The Indiana-Kentucky Water Science Center (IN-KY WSC) operates real-time, 
continuous water-quality monitoring gages—often referred to as “super gages”—on 
several Kentucky lakes and waterways. The IN-KY WSC has maintained continuous 
water-quality gages for water temperature, pH, specific conductance, dissolved oxygen, 
and turbidity since the early 2000’s and recent advancements in technology have 
provided opportunities to expand this monitoring to nutrients and biological parameters 
related to algae. Continuous nutrient and biological parameter (chlorophyll and 
phycocyanin) data collected from Kentucky lakes and waterways will be used to illustrate 
the benefits of continuous versus discrete monitoring in relation to maximum and 
minimum concentrations, and in the estimation of loads.       
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SEDIMENT TRANSPORT MODELLING USING DYNAMIC (DIS)CONNECTIVITY 
TO ASSESS SEDIMENT IMPACTS ON WATER SUPPLY 
Tyler Mahoney, Jimmy Fox and Nabil Al Aamery 
Tyler Mahoney 
Graduate Assistant 
Department of Civil Engineering 
University of Kentucky 
364 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (502) 320-1420 
Email: tyler.mahoney@uky.edu 
 
Jimmy Fox 
Professor 
Department of Civil Engineering 
University of Kentucky 
354G O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: james.fox@uky.edu 
 
Nabil Al Aamery 
Graduate Associate 
Department of Civil Engineering 
University of Kentucky 
364 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 536-1934 
Email: nabil.hussain@uky.edu 
 
The (dis)connectivity of sediment,  defined as the detachment and transport of 
sediment from source to sink between geomorphic zones, is a major control on sediment 
transport rates but  has seldom taken precedence in sediment transport models that focus 
on assessment of sediment impacts on water supply. Therefore, the authors were motivated 
by the need for quantitative assessments of (dis)connectivity’s effect on the prediction of 
sediment flux within a catchment. A watershed-scale sediment transport model was 
formulated that incorporates sediment (dis)connectivity knowledge and subroutines and 
predicts sediment flux through coupling with the sediment continuity model.  Thereafter, 
water supply impacts on sedimentation were assessed using modelled and published 
transport rates over a decadal time scale. 
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Sediment connectivity was predicted with a probabilistic model developed by the 
authors that reflects the co-occurrence (i.e. intersecting probabilities), or lack thereof, of 
both hydrologic and non-hydrologic sediment detachment and transport, sediment supply 
availability, and (dis)connectivity via natural or anthropogenic features. These parameters 
were chosen to represent the probability of sediment connectivity because they are well 
known to potentially control sediment transport. The intersecting probabilities of sediment 
supply, detachment, transport, and (dis)connectivity produce the probability of sediment 
connectivity for a watershed or region of a watershed.  The union of both hydrologic and 
non-hydrologic processes are included within sediment detachment as well as sediment 
transport. The integration of the net watershed probability of sediment connectivity yields 
an estimate of the active watershed area in terms of sediment transport when multiplied 
times the entire watershed area. Mathematically, the probability of sediment connectivity, 
, can be expressed as 
 ∩ ∪ ∩ ∪ ∩ 1   (1) 
  
where S denotes supply, DH is hydrologic detachment, DNH is non-hydrologic detachment, 
TH is hydrologic transport, TNH is non-hydrologic transport, and DC is (dis)connectivity.   
 
The sediment transport model was tested for a bedrock controlled catchment in the 
southeastern United States for which extensive historic water and sediment flux data were 
available. Inputs to the model were specified through the identification of sediment 
sources, pathways, and impedances in the field, which were mapped using geo-located 
photographs and a GIS. In model calibration, a multi-objective approach was applied such 
that the degree of subcatchment connectivity was validated through the use of sediment 
trap samples collected over the course of approximately ten years and the predicted 
sediment flux was validated with concurrent sediment trap and sediment transport 
measurements. 
Variability in connectivity was observed throughout the catchment. Land use, land 
cover, slope, sediment source distribution, and the distribution of buffers, barriers, and 
blankets (i.e. connectivity impedances) had significant influence on sediment connectivity 
overall, and hence sediment flux. It is expected that the model presented here can be used 
as a tool to assess the regional impacts of natural and anthropogenic sources of 
(dis)connectivity on sedimentation rates that lead to problems such as reservoir 
sedimentation and water quality degradation as well as serve as a basis for modeling other 
biogeochemical fluxes within catchments.  Calculations of long term impact of 
sedimentation upon water supply are ongoing. 
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SEDIMENT NITROGEN AND NITRATE DYNAMICS OF A FLUVIOKARST 
SYSTEM IN THE BLUEGRASS REGION: ISOTOPIC AND NUMERICAL 
MODELING INVESTIGATION 
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William Ford, Assistant Professor, Dept. of Biosystems & Agricultural Engineering  
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Phone: (859) 323-0526, Email: charles.taylor@email.uky.edu 
 
Karst topography covers approximately half of the state of Kentucky and 
groundwater reserves serve as the drinking water source for close to two million 
Kentuckians.  Karst is a solutionally dissolved landscape that is dominated by secondary 
and tertiary porosity pathways that transport sediment and other contaminants at high 
velocities.  Nitrates are one of the most common water quality contaminants and high 
concentrations can lead to blood disorders in infants and eutrophication of waterways.  
Investigating subsurface trapping and transformation processes of surface-derived 
sediment and nitrate can elucidate contaminant processes in karst and lead to informed 
decision making by water users. We find that few studies have long-term water quality data 
at highly coupled surface and subsurface locations within a fluviokarst aquifer.  
Additionally, we find a lack of knowledge has been reported with regards to the transport 
and fate of terrestrially-derived sediment nitrogen within karst watersheds. The objective 
of this study was to estimate contaminant retention, processing, and transport within karst 
aquifers from upland sinks to downstream springs.   
Biweekly sampling of surface and subsurface locations for nitrate was conducted 
over 4 years and sediment nitrogen sampling was performed over 2 years.  Isotopic and 
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elemental analyses were coupled with physical and biogeochemical numerical modelling 
of nitrate and sediment nitrogen.  Data results show that subsurface nitrate levels are 
consistently 50% greater than surface inputs suggesting transformation and storage 
processes that augment spring nitrate concentration.  Hydrologic modeling of the 
subsurface highlights the role of epikarst in storing and transporting large amounts of 
nitrate to subsurface springheads.  Further results show enriched δ15N of sediment at the 
spring outlet (~7‰) compared to tributary inputs (~5‰) highlighting a potential for isotope 
enrichment processes to play a dominant role in subsurface nitrogen transformation.   
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SENSING AND EDUCATING THE NEXUS TO SUSTAIN ECOSYSTEMS (SENSE): 
A KENTUCKY-WEST VIRGINIA PARTNERSHIP 
 
 
Susan Hendricks1, Mindy Armstead2, Bill Ford3, Jimmy Fox4, and David White1 
 
 
1Murray State University, Hancock Biological Station, 561 Emma Drive, Murray, KY 
42071 shendricks@murraystate.edu, dwhite@murraystate.edu, 270-809-2272 
 
2Marshall University, Natural Resources and the Environment, Huntington, WV 25755 
m.armstead@marshall.edu, 304-696-2923 
 
3University of Kentucky, Biosystems and Agricultural Engineering, Lexington, KY 
40546, bill.ford@uky.edu  859-218-4368 
 
4University of Kentucky, College of Engineering (Civil Eng.), Lexington, KY 40546 
james.fox@uky.edu, 859-257-4404 
 
 
“SENSE” is a new research program funded by NSF-EPSCoR (2016-2020) that builds on 
previous cyberinfrastructure to address water quality issues shared between Kentucky and 
West Virginia.  The overarching goal is to provide advanced aquatic sensor systems, train 
students and new faculty in their use, and apply resulting data to emerging environmental 
problems common to both states.  Three lead universities, including Murray State 
University (KY), the University of Kentucky, and Marshall University (WV), are 
addressing Food-Energy-Water issues while providing an enhanced research environment 
for new faculty and students.  SENSE is framed within the context of harmful algal 
blooms, or cyano-HABs, comprised mostly by toxic cyanobacteria that are a water 
quality threat shared by both KY and WV.  Cyano-HABs impact drinking water, human 
health, wildlife and livestock, aquatic life, irrigation sources, and energy production.  
While HABs are strongly influenced by temperature and nutrient loading, the influences 
of many environmental parameters are not well understood.  Rapid changes in land use, 
the effects of climate change on precipitation quantity and distribution, and increasing 
human population pressures on agriculture, energy production and water use create an 
interconnectedness that structures ecosystems and increases hydrocomplexity.  The 
complexity of cyano-HAB prediction reflects an example of food (e.g., agriculture), 
energy (e.g., hydropower), and water (e.g., toxic blooms) interactions for which SENSE 
aims to help solve. 
 
Cyano-HABs and water quality issues are being addressed by using the latest sensor 
technology, cyberinfrastructure, and watershed modeling methods on the Ohio River, 
Kentucky Lake, and contributing agricultural tributary systems.  High-temporal 
resolution sensor infrastructure is being placed at strategic sites in each of these systems.   
Sensors will monitor a suite of water chemistry parameters (including innovative NO3 
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and PO4 sensors), weather conditions, and algal pigment concentrations (e.g., chlorophyll 
a, phycocyanin).  Sensor data will be relayed in real-time or near-real time to data hubs 
for the purpose of developing predictive models that can better explain and forecast 
conditions leading to cyano-HABs and provide novel insights and information for 
understanding the physical, chemical, and biological responses of water bodies to rapidly 
changing human pressures and perturbations from agriculture, development, and energy 
production that might lead to toxic algal blooms.   Kentucky Lake and Ohio River 
modeling efforts will focus on prediction of cyanobacterial and toxin production as a 
function of nutrient, temperature, and biological community conditions.  Watershed-scale 
water quality models will evaluate simulations of nutrient fate and transport dynamics 
during events (e.g., precipitation, flooding) on smaller streams. 
 
Broader impacts of the SENSE partnership will 1) enhance the workforce (~30 
individuals including six early career faculty and 24 students), 2) positively impact 
workforce training in the region by educating and training STEM students in the use of 
new technologies pertinent to water quality, monitoring, modeling, and environmental 
engineering, 3) lead to future collaborations to develop new externally funded research, 
4) positively affect local economies  and the broader community, 5) have lasting 
educational impacts on research directions and 6) lead to better management of water and 
land resources across the region.   
 
 
 
 
 
 
 
The Ohio River Basin Kentucky and West Virginia study sites
Kentucky Lake
Panther and Ledbetter creeks
Greenup Hydro Plant
Fourpole Creek
 
Mobile sensor buoy deployed  
at several experimental sites.   
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USING OPENNSPECT TO MODEL RIPARIAN BUFFER EFFECTIVENESS FOR 
MITIGATING SEDIMENT ACCUMULATION IN SMALL ORDER 
AGRICULTURAL STREAMS 
 
Lee Moser 
128 C.E. Barnhart Building 
Lexington, KY 40546 
859-218-4327 
lee.moser@uky.edu 
 
 
 Geographic Information System (GIS) software use to model and analyze nonpoint 
source pollution has been an evolving area of focus for the past several decades. The Open 
Nonpoint Source Pollution and Erosion Comparison Tool (OpenNSPECT) for use in 
MapWindow GIS was developed to estimate nonpoint source pollution. Originally 
developed by the National Oceanic and Atmospheric Administration for use by the Coastal 
Change Analysis Program, OpenNSPECT can model nonpoint source pollution in non-
coastal regions by using datasets specific to any interest area in the United States. 
OpenNSPECT provides generalized pollutant delivery coefficients for initial pollution 
loading estimation based on topography, precipitation, soils, landcover, and management 
conditions. Specific modeling coefficients and pollutant delivery estimation values are 
based on nationwide values provided in OpenNSPECT and can be customized. 
 
This project modeled the potential effectiveness of deciduous forest riparian buffers 
implementation for mitigating sediment accumulation in small order agricultural streams. 
Specifically, perennial, intermittent, and ephemeral streams at Eden Shale Farm were the 
basis for using OpenNSPECT’s implementation of the Revised Universal Soil Loss 
Equation model and comparison functionality. Modeled sediment reduction varied from 
2.5 to 18.4 to 53 kg/year under BMP scenarios representing sequential buffering of 
perennial, intermittent, and ephemeral streams, respectively. The approach’s main benefit 
is that it provides quantified, spatially referenced pollution estimates for use in cost/benefit 
analysis when deciding on implementing these land management practice types. 
 
Further field-based research is needed to accurately parameterize pollutant delivery 
coefficients on a regional level which could then be used in OpenNSPECT to better model 
potential reductions based on riparian buffer BMP implementation. Field validating this 
modeling approach as well as developing specific cover factor and pollutant delivery 
coefficients for Kentucky would be valuable for landowners, resource professionals, and 
benefit the Commonwealth’s waters. 
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THE BENEFITS OF STAYING LOCAL - THE KENTUCKY SECTION OF THE 
AMERICAN SOCIETY OF AGRICULTURAL AND BIOLOGICAL ENGINEERS 
 
Carmen Agouridis and Michael Sama 
207 C.E. Barnhart Building 
Lexington, KY 40546-0276 
(859) 218-4344 
carmen.agouridis@uky.edu 
 
Professional societies serve a critical role in information dissemination, networking, 
mentoring, licensure, program accreditation, and professional development of members. 
Because of these benefits, many of us join professional societies at the national level, but 
what about joining at the state or local level? State or local chapters of national societies 
allow members to receive many of the same benefits but with a focus on people and topics 
more tailored towards their regional needs. Local chapters offer first chances for students 
and young professionals to learn about and become involved with professional societies. 
 
One professional society of critical importance to the fields of agriculture and engineering 
is the American Society of Agricultural and Biological Engineers (ASABE). ASABE is an 
8,000+ member technical and educational professional society that seeks “to find 
sustainable solutions for an ever-growing population.” The society is quite diverse with 
communities centered around topics such as Energy Systems; Forest Engineering; 
Information Technology, Sensors & Control Systems; Machinery Systems, Natural 
Resources & Environmental Systems; Plant, Animal & Facility Systems; and Processing 
Systems. You can learn more at http://www.asabe.org/. 
 
Recently, the Biosystems and Agricultural Engineering (BAE) Department led the charge 
to reactivate the Kentucky Section of ASABE. We have updated our bylaws, elected our 
first slate of officers, toured Trane (2015) and FoodChain (2016) (Figure 1), learned about 
BAE student projects, and networked over great lunches.  
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Figure 1: Kentucky Section ASABE members tour FoodChain. 
 
This year, we are expanding our programming to include continuing professional 
development opportunities at our annual section meeting on April 28, 2017 (Table 1). We 
welcome new members and returning ones. To receive additional information and to 
register for the meeting, please contact ASABE Kentucky Section Co-Chair Michael Sama 
at michael.sama@uky.edu.  
 
Table 1: Tentative Schedule for 2017 Annual Meeting 
9:00 am – 12:00 pm Continuing professional development sessions 
12:00 pm – 1:30 pm Lunch and social gathering 
1:30 pm – 2:30 pm Business meeting 
3:00 pm – 5:00 pm Industry tour (Big Ass Solutions) 
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OVERVIEW OF GROUNDWATER SAMPLING CONDUCTED IN AN 
UNCONVENTIONAL OIL AND GAS PLAY AREA OF EASTERN KENTUCKY 
 
Bart Davidson, Steven Webb, Richard Smath, Junfeng Zhu 
Kentucky Geological Survey, University of Kentucky  
504 Rose Street 
Lexington, KY 40506-0107 
859-323-0524 
bdavidson@uky.edu 
 
In the spring of 2016, the Kentucky Geological Survey, in collaboration with GSI 
Environmental Inc. of Austin, Texas, conducted baseline groundwater-quality sampling in 
the Berea Sandstone and the Rogersville Shale oil and gas play area of northeastern 
Kentucky. A total of 51 domestic and public water wells were sampled in Boyd, Carter, 
Elliott, Greenup, Johnson, and Lawrence Counties. Groundwater samples were analyzed 
for major cations and anions, metals, dissolved gases including methane, and carbon and 
hydrogen isotopes.  
 
Special procedures, including the use of closed-system sample containers, were used to 
improve the accuracy of measured concentrations for dissolved gases and isotopes. One 
major finding was that methane was present above the minimum detection limit (0.005 
mg/L) in 40 wells and was detected at concentrations higher than 1 mg/L in 26 of the 51 
wells sampled. These results indicate that methane may be a common chemical constituent 
in shallow groundwater in the area.   
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PROJECTIONS OF 2050 SOIL-WATER STORAGE 
UNDER DIFFERING LAND MANAGEMENT 
 
Tanja N. Williamson1, Brad D. Lee2, and Trinity J. Baker3 
1Indiana-Kentucky Water Science Center, U.S. Geological Survey, tnwillia@usgs.gov 
2 Plant and Soil Sciences Dept., University of Kentucky, brad.lee@uky.edu 
3Department of Soil and Crop Sciences, Texas A&M, tribaker@tamu.edu 
 
The ability to model the effect of climate change on soil-water availability and agricultural 
production is dependent on reliable estimation of hydrologic soil properties under differing 
land management.  Soil organic carbon (C) content has been linked to available water-
holding capacity and hydraulic conductivity, however these hydrologic soil properties are 
also dependent on other soil factors, including particle-size distribution and bulk density 
(Rawls et al., 1983, 2003).  The work presented here had three objectives: 1) Estimate 
hydrologic soil properties (field capacity, wilting point, and saturated hydraulic 
conductivity) for soils from NRCS’s Rapid Assessment of U.S. Soil Carbon (RaCA) in 
MLRA 120 using both established equations and a Random-Forest (RF) model developed 
using the Shawnee Hills Loess Catenas Soil System pedons, 2) Incorporate these soil 
properties into a hydrologic model of soil-water storage under different RaCA land-
management categories: forest, pasture, traditional agriculture (crop), and conservation 
agriculture and  3) Simulate soil-water availability for evapotranspiration for historical and 
projected climate conditions centered on 2050.  Soil-water storage simulated for a 12-yr 
historical period will be compared to that simulated using mid-century projections of 
temperature, precipitation, and potential evapotranspiration (PET).   
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ASSESSING THE CURVE NUMBER METHOD FOR MODELING URBAN 
WATERSHED STORMWATER RUNOFF ACROSS LOUISVILLE, KENTUCKY 
 
Dr. C. Andrew Day and Garrett Seay 
Department of Geography and Geosciences 
University of Louisville, Louisville, KY 40292 
502-852-2703 
a.day@louisville.edu 
 
According to the US EPA when a watershed reaches 75% impervious land cover, surface 
runoff accounts for 55% of precipitation input losses compared to 10% for a ‘natural cover’ 
watershed, exacerbating urban flooding during extreme rainfall events. This research 
modeled historical rainfall-runoff processes for urban watersheds within the city of 
Louisville for a series of these extreme rainfall events. Precipitation and resultant runoff 
discharge events were collected in the field over the spring and summer of 2016. Surface 
biophysical data in the form of gridded elevation, land cover and soil type were also 
collected and processed for each watershed. These datasets allowed a calibration of the 
HEC-HMS rainfall-runoff model utilizing the curve number and Green-Ampt surface loss 
methods to route the surface flow towards each watershed outlet. While both methods 
successfully recreated the runoff hydrographs, the results indicated that stormwater runoff 
peaks and volume were more sensitive to the curve numbers adopted as a function of land 
cover and soil type, rather than the Green-Ampt soil parameters. It is hoped that the analysis 
employed will emphasize the significance of exploring urban flood modeling methods 
towards developing flood response and mitigation strategies at these and similarly 
impacted locations. 
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A STATEWIDE APPROACH TO TOTAL MAXIMUM DAILY LOADS FOR 
PATHOGEN-IMPAIRED WATERBODIES 
 
Lauren McDonald and Alicia Jacobs 
Kentucky Division of Water 
300 Sower Blvd. 
Frankfort, KY 40601 
(502) 782-7013 
lauren.mcdonald@ky.gov, alicia.jacobs@ky.gov  
 
The Kentucky Division of Water (KDOW) has developed a streamlined method for 
developing Total Maximum Daily Loads (TMDLs) for bacteria-impaired waterbodies. A 
TMDL is required under Section 303(d) of the Clean Water Act for any waterbody that is 
impaired due to a specific pollutant. Waterbodies that exceed Kentucky water quality 
criteria (in 401 KAR 10:031 Section 7) for Escherichia coli and/or fecal coliform 
pathogen indicators are considered impaired for primary and/or secondary contact 
recreation (full and partial body contact, respectively).  
 
Previously established TMDLs have involved intensive data collection efforts within 
several adjacent subwatersheds over multiple years. Efforts involved repeated visits to 
multiple sample sites to collect hydrologic and bacteria concentration data. They also 
involved gathering detailed information about permitted dischargers and land use 
throughout the watershed. The data have been used to develop flow and load duration 
curves for impaired segments, identify critical conditions and associated critical flows, 
identify potential sources throughout the watershed and estimate their relative 
contributions to load, investigate local hydrology, and calculate wasteload allocations for 
each discharger permitted under the Kentucky Pollutant Discharge Elimination System 
(KPDES). 
 
This TMDL development method is resource intensive. Using this method, it is estimated 
that it would take decades to complete required TMDLs for the 331 waterbodies listed on 
the most recently approved 303(d) list (2014) as impaired due to bacteria. 
 
KDOW’s statewide method expedites the process of bacteria TMDL development by 
shifting from a watershed basis to a “segment” basis. The statewide approach will not 
involve additional watershed-focused sampling for the development of flow and load 
duration curves. The TMDL for the waterbody will not be based on a critical condition, 
but instead will be expressed in equation form, making it applicable under all flow 
conditions. The TMDL will be expressed as the product of instantaneous flow (Q, in 
cubic feet/second), the applicable bacteria water quality criterion (WQC, as colonies per 
100 ml of water), and a conversion factor (CF) to arrive at units of colonies per day: 
TMDL = Q x WQC x CF.  
 
The traditional watershed-based approach assigns individual wasteload allocations to all 
KPDES-permitted dischargers in the watershed and assigns an aggregate load allocation 
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to nonpoint sources. A segment-based TMDL divides allocations among three categories: 
direct loads to the impaired segment, loads from tributaries, and loads entering the 
segment from upstream. The tributary allocation is a lumped term that groups loadings 
from both point and nonpoint sources along all tributaries that discharge to the impaired 
segment. Similarly, the upstream allocation is a lumped term that groups loadings from 
all point and nonpoint sources that contribute bacteria to reaches upstream of the 
segment. With regard to direct loads, each permitted point source with direct discharges 
to the segment receives an individual wasteload allocation, and a collective load 
allocation is assigned to nonpoint sources. Since the TMDL remains in equation form, all 
allocations based on the TMDL are also expressed as equations. Whereas the traditional 
method has generally been used for impaired segments in smaller stream systems, the 
segment method can easily be adapted to any waterbody and any water quality criterion. 
 
The segment-based approach is expected to condense the timeframe for development of 
bacteria TMDLs for the currently listed 331 waterbodies to approximately six years, 
which will allow KDOW to complete the required work with limited resources. 
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DYNAMICS OF TRACE METAL AND ION CONCENTRATIONS IN RECLAIMED 
MOUNTAINTOP REMOVAL AND REFERENCE HEADWATER STREAMS 
 
Steven J. Price and Sara Beth Freytag 
Department of Forestry 
University of Kentucky, Lexington KY 40546-0073 
859-257-7610 
steven.price@uky.edu 
 
Mountaintop removal mining, a widespread practice in central Appalachia, often results 
in the complete or partial burial of low-order streams via valley-filling.  Valley-filling 
alters stream water chemistry; leaching and surface runoff from unweathered overburden 
materials leads to increased specific conductance and ion concentrations, elevated levels 
of total dissolved solids and some trace metals, and altered pH.  Such modifications to 
water chemistry likely contribute to diminished biological communities. The Stream 
Protection Rule stresses the need for monitoring a comprehensive set of water quality 
parameters, which include both spatial and temporal replicates. The objective of this 
study was to compare trace metal and ion concentrations in 11 valley-filled headwater 
streams and 12 reference headwater streams, including the assessment of 17 metals 
measured at low detection limits. We collected grab samples monthly from March 2015-
Febuary 2016 in 11 valley-filled streams located on the Laurel Fork surface mine and 12 
reference streams on the University of Kentucky’s Robinson Forest. Using standard 
methods, we analyzed specific conductance (μS/cm), pH [H+], {Ca, Cl, Fe, K, Mg, Mn, 
Na, NH4-N, NO2-N, NO3-N, PO4, SO4} (mg/L), and total organic carbon (mg/L C). 
Inductively Coupled Plasma spectroscopy was used to evaluate the following elements: 
{Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Ni, Pb, Sb, Se, Tl, Y, Zn} (mg/L). Focusing on 
specific conductance, we found a significant interaction between site type (reference vs. 
valley-filled streams) and month using a repeated measures analysis (F(11,231)=11.70, 
p0.05), but valley-filled stream reaches demonstrated significant month-to-month 
variation (p<0.05). Mean specific conductance in valley-filled streams ranged from 916 
μS/cm (January 2016) to 1794μS/cm (June 2015). In comparison, reference stream 
reaches had mean specific conductance below 60 μS/cm for all 12 months. Differences 
among some of the ions and trace metals between sites type were also apparent. Notably, 
valley-filled reaches contained elevated levels of Ca, Co, K, Mg, Na, Ni, Se, and Y 
compared to reference streams, yet variation occurred among months. Our results 
indicate that trace metal and ion concentration in valleyed-filled streams differ from those 
at reference sites and the dynamic nature of water chemistry at valley-filled streams 
highlight the importance of  temporal sampling.  
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NUMERICAL MODELING OF ANTHROPOGENIC IMPACTS ON GROUNDWATER 
AVAILABILITY IN AN AGRICULTURAL LANDSCAPE,  
JACKSON PURCHASE REGION, KENTUCKY 
 
Jason Merrick1, E. Glynn Beck2, and Alan Fryar1 
 
1Department of Earth and Environmental Sciences 
University of Kentucky 
101 Slone Research Building 
Lexington, KY 40506-0053 
(859) 257-4392 
jason.merrick@uky.edu 
 
2Kentucky Geological Survey 
University of Kentucky 
1404 Corporate Court 
Henderson, KY 42420 
(270) 827-1117 
ebeck@uky.edu 
 
Agriculture plays a vital role in the economy of the Jackson Purchase region of 
western Kentucky. About 25 percent of Kentucky’s corn, soybeans, and wheat are 
produced annually in the region, which makes up only 6 percent of the state’s land area. 
Lower-than-normal total rainfall in 2010 (99.84 cm) and 2012 (85.90 cm) corresponded 
with a rise in corn prices across the state that peaked at $6.93 per bushel in 2012. This 
prompted many farmers in the Jackson Purchase to invest in high-yield pivot-irrigation 
systems capable of outputs as high as 4500 L/min. The majority of the newly installed 
high-yield wells are located in the Obion Creek and Bayou de Chien watersheds (Hickman, 
Fulton, and southwestern Graves Counties). Work has been conducted to define the 
hydrostratigraphy of the Claiborne aquifer system within these watersheds. However, the 
possible effects of increased pumpage on groundwater flow in the Claiborne aquifer system 
remain to be evaluated.   
We are currently monitoring hydraulic heads for the upper and middle Claiborne 
aquifers. Data from pressure transducers placed in five wells in the Obion Creek and Bayou 
de Chien watersheds in August 2016, with a sixth well added in October 2016 will be added 
to data collected from two Kentucky Groundwater Observation Network (KGON) wells, 
which are administered by the Kentucky Geological Survey (Figure 1). Five of the six wells 
and one of the KGON wells are completed in the upper Claiborne aquifer; the sixth well 
and one of the KGON wells are completed in the middle Claiborne aquifer. In addition, we 
plan to collect synoptic groundwater measurements from at least 20 water wells completed 
in the upper Claiborne aquifer in March, 2016. Hydraulic-head data from the instrumented 
and synoptic-measurement wells will be used to construct and calibrate a steady-state 
numerical groundwater-flow model. 
The proposed model will utilize the U.S. Geological Survey software MODFLOW-
OWHM. Currently, the digital surfaces of the upper Claiborne aquifer, middle Claiborne 
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confining unit, and middle Claiborne aquifer are being refined. These surfaces will be 
developed by using recently collected Kentucky Geological Survey gamma-ray logs, 
recent hydrostratigraphic mapping in the region, and digital framework surfaces from the 
USGS Mississippi Embayment regional aquifer study. Precipitation and evapotranspiration 
data from the Kentucky MESONET and streamflow data from the USGS gauge at Bayou 
de Chien will be used for model calibration by history matching. 
 
 
Figure 1. Overview of study area and pressure transducer locations. 
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VARIATION OF VAPOR INTRUSION EXPOSURE RISKS  
BASED ON ATMOSPHERIC EFFECTS 
Elham Shirazi and Kelly G. Pennell  
University of Kentucky, Lexington, KY 40506, USA 
(859) 218-2968, (859) 218-2540 
elham.shirazi@uky.edu, kellypennell@uky.edu 
 
Volatile organic compounds (VOCs) in groundwater can volatilize and be transported 
through the subsurface into overlying buildings (Figure 1). This process is known as vapor 
intrusion (VI). VI has been documented to cause indoor air contamination within thousands 
of communities and is well-known to be difficult to characterize because indoor air 
concentrations exhibit considerable temporal and spatial variability in homes throughout 
impacted communities. Many VOCs present in soil and groundwater are known to have 
adverse health effects. Chlorinated VOCs (CVOCs) can persist for decades in soil and 
groundwater, are among the most frequently detected contaminants and their remediation 
is difficult. This presentation focuses on the use of numerical models to inform and improve 
decisions at vapor intrusion sites. 
Figure 1: Conceptual Vapor Intrusion Model  
Source: Reichman, Roghani, Willett, Shirazi and Pennell (2017) Accepted to Reviews on Environmental Health 
 
To date, most VI models have focused on subsurface processes (soil gas flow, shown in 
Figure 1), however there is a need to modify existing models by accounting for 
aboveground parameters that affect vapor intrusion, such as indoor and outdoor flows. In 
this study, we investigate how wind conditions might influence VOC concentrations in the 
soil and in indoor air areas. Our model solves the Reynolds-Averaged Navier-Stokes 
(RANS) equations for turbulent wind flow, above and around a building coupled with the 
soil gas continuity equation and then solves the chemical transport equation.  
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The results indicate that wind flow can influence both air exchange rate (AER) of the 
building and contaminant concentration distribution in the subsurface. Resulting 
asymmetric pressure profiles around buildings can cause infiltration in the windward side 
and exfiltration on the leeward side of the building. While the impact on contaminant mass 
entry rates due to changes in the subsurface pressure profiles is important, the combined 
effect of mass entry and the influence of wind effects on air exchange rates is ultimately of 
more importance and is currently understudied in the field of VI exposure risk assessment.  
Figures 2 and 3 show example pressure and concentration profiles, respectively. 
Figure 2: Pressure profile (Pa) above and under a building when the wind speed is 10 m/s 
 
 
 
 
 
Figure 3: Subsurface soil gas profile (normalized) under a building when the wind speed is 10 m/s 
Generally, VI models use constant values of indoor and outdoor pressure as boundary 
conditions to investigate subsurface vapor movement into the building through a 
foundation crack. A few VI models have specifically considered wind and stack effects, 
but this research is the first of its kind to present a modeling approach that fully couples 
above-ground and subsurface domains. The results capture the importance of AER 
variability and resulting vapor intrusion exposure risk uncertainties. 
Acknowledgements: The project described was supported by a CAREER Award from the 
National Science Foundation (Award #1452800) and by Grant Number P42ES007380 
(University of Kentucky Superfund Research Program) from the National Institute of 
Environmental Health Sciences. The content is solely the responsibility of the authors and 
does not necessarily represent the official views of the National Institute of Environmental 
Health Sciences, the National Institutes of Health or the National Science Foundation.  
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SOIL AND SEDIMENT FINGERPRINTING OF THE OTTER CREEK WATERSHED 
DRAINING FORT KNOX: AN ADVANCED GAME OF MATCH 
 
Cara Peterman 
Alan Fryar 
Department of Earth and Environmental Sciences 
University of Kentucky 
101 Slone Research Building 
Lexington, KY 40506-0053 
(859) 257-4392 
cara.peterman@uky.edu 
 
Dwayne Edwards 
Department of Biosystems and Agricultural Engineering 
University of Kentucky 
128 C.E. Barnhart Building 
Lexington, KY 40546-0276 
(859) 257-5657 
dwayne.edwards@uky.edu 
 
Soil erosion models are important tools for predicting sources and redistribution of 
sediment. There is an inherent difficulty in predicting erosion from mixed land-use 
watersheds, and the use of soil and sediment fingerprinting allows predictive tracer models 
to be developed. We are attempting to estimate the spatial and temporal variability in 
sediment sources and yields to Otter Creek, which drains the Fort Knox Army Installation 
(FKAI) and adjoining rural areas in Hardin and Meade counties, Kentucky. The 
Environmental Management and Natural Resource divisions of FKAI are restoring the 
vehicle-track training areas located on the west side of the installation. The objectives of 
our research are to 1) characterize the extent of erosion within the Otter Creek drainage 
basin and determine sources of sediment from different sub-watersheds; 2) assess the 
impact of restoration efforts on sediment loads from training areas; 3) identify the inherited 
geochemical composition of the sediment sources; and 4) provide FKAI with a report on 
the health of Otter Creek.  
 
We are comparing sediment samples from Otter Creek with soil samples from rills and 
interrills in training areas, from offsite upland areas, and from the floodplain of the creek. 
There were three sediment trap locations (SS1–SS3): 1) where the creek enters the 
cantonment area; 2) halfway along the reach of the creek that borders FKAI; and 3) as the 
creek leaves FKAI. The portion of the creek that runs through the training areas flows 
underground through a karst conduit at baseflow conditions. We collected 171 sediment 
samples approximately weekly during a 56-week period from October 2015 to October 
2016. Soil samples are being taken based on land use, lithology and soil type in order to 
ensure that all sediment sources are well represented. Measurements of water quality, 
discharge, and stream profiling were performed simultaneously with sediment sampling at 
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all three sites. Water temperature, electrical conductivity, and stage were continuously 
monitored at 15-minute intervals at two of the sites using logging sensors. Using the 
isotopic tracers 13C and 15N, the C/N ratio, total organic carbon (TOC), and total nitrogen 
(TN) with advanced statistical modeling, we will determine end-member sources using an 
unmixing model and calibrate an erosional and sediment transport model. 
 
We hypothesized that the primary source of particulate inorganic carbon (PIC) would be 
the karst system, but initial coulometric data have shown that PIC is less than 2% of 
sediment collected. Preliminary isotopic data have shown distinctive differences in 
sediment collected between each of the three monitoring sites. Along the study reach of 
Otter Creek, δ13C values increase while δ15N values decrease. We anticipate that the carbon 
and nitrogen isotopic signatures will fluctuate in accordance with seasonal changes. In 
addition, we anticipate that the C/N ratio should be able to differentiate between land-based 
plants and algal organic matter. 
 
 
15N (0/00)
0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28
1
3 C
 (
0/
00
)
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
SS1
SS2
SS3
Preliminary Carbon and Nitrogen Isotope Analysis
Otter Creek, Fort Knox, Kentucky 
 
 
 
 
 
67 
 
GIS ARCMAP COST DISTANCE TOOL USED TO DETERMINE PUBLIC WATER 
SUPPLY METAL RISK SAMPLING SITES 
 
A.R. Sherman 
University of Kentucky 
121 Washington Ave., Rm. 112 
Lexington, KY 40506 
Phone: 813.751.7283 
Email: amanda.sherman@uky.edu 
 
This study developed an approach to determine metal risk sampling sites within a public 
water supply (PWS) that is in compliance with Code of Federal Regulations (CFR) 
§141.86 for Lead and Copper Monitoring and emulated current, best professional 
practices.  The primary goal of this study was to use existing PWS GIS data and ArcMap’s 
10.3.1 cost distance tool to rank drinking water distribution lines based upon recognized 
human health risks (HHRs) associated with metals leaching into drinking water from 
distribution pipes where corrosive conditions exist.   
 
 
Kentucky American Water Company (KAWC) PWS GIS data obtained from the Kentucky 
American Infrastructure website and filtered to finished-drinking water distribution lines 
servicing Lexington, KY within New Circle Road.  Pipe materials then were assigned a 
risk value on a scale 1 to 5 (low to high) based upon associated HHRs.  Materials identified 
in the CFR (copper, lead, and galvanized) as well as unknown materials were assigned a 
value 5; while materials with no known HHRs (PVC, PE, and concrete) were valued 1, and 
iron-based materials were valued 3.  Risk-valued materials were then multiplied by their 
respective pipe diameter to account for longer material-to-water contact times for differing 
pipe diameters.  Finally, ArcMap’s cost distance tool was run from the Richmond Road 
treatment plant across KAWC’s distribution system with these calculated values.  The 
resulting map (Map 1) visually ranks the distribution network showing areas of high (value 
5) to low (value 1) risk for the potential to leach metals from pipes where corrosive 
conditions exist.  Additionally, using ArcMap’s map algebra tool, the cost distance map 
was evaluated for pre-1989 construction building population effects from obtained 2010 
Block Group Census data for Lexington, KY.  A map for percentage of buildings per block 
group (Map 2) and for density of buildings per acre within each block group (Map 3) were 
each, independently, added to the cost distance map.    
   
 
The three created maps (cost distance, percentage of buildings, and density of buildings) 
each depicted areas of downtown Lexington and north of Versailles Road to Newtown Pike 
with a high risk (value 5) potential to leach metals with HHRs under corrosive conditions.  
Areas between Harrodsburg Road and East Main Street and south of Waller 
Avenue/Copper Drive Road to Chione Road pose little (value 2-3) to no risk (value 1).  To 
verify these interpretations and advance this study, it is recommended to collect and 
analyze a minimum of 10 drinking water samples from areas identified as high, moderate, 
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and low risk for metals regulated by EPA’s primary and secondary drinking standards.  An 
observed positive correlation between risk values and metal concentrations would support 
the maps’ validity.  
 
 
This study developed a novel approach to determining metal risk sampling sites within a 
PWS that is not only compliant with existing CFRs and mimics best professional practices, 
but is also user-friendly and efficient.  If employed at PWS systems, this approach may 
assist in preventing another drinking water crisis similar to that observed in Flint, MI by 
improving the evaluation and selection of sampling sites.  Additionally, the use of 
ArcMap’s cost distance tool allows PWS systems to regularly update and re-evaluate metal 
risk sampling sites as they evolve to meet ever-increasing drinking water supply demands.  
 
Map 1.  Public water supply distribution lines serving Lexington, KY within New Circle Road ranked 
with a risk value of 1-5, low to high, for the potential to leach metals with associated human health 
risks into drinking water where corrosive conditions exist.  Risk was determined based upon pipe 
material multiplied by pipe diameter, and then running ArcMap's cost distance tool from the 
Richmond Road Treatment Plant outward, across the waterline network.   
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ALTERNATIVE PATHWAYS FOR SUBSURFACE GROUNDWATER VAPORS TO 
ENETER BUILDINGS: MODELING APPROACH 
Mohammadyousef Roghani, Kelly G. Pennell 
316 Oliver H. Raymond, Lexington, KY 
(859)-218-2968 
m.roghani@uky.edu; kellypennell@uky.edu 
 
Vapor intrusion describes the migration of volatile organic compound (VOC) vapors from 
contaminated groundwater into indoor areas. Vapor intrusion has been studied for decades 
based on the concept of VOC vapors entering buildings through cracks in building 
foundations. However, recently there IS evidence that other routes can act as potential 
conduits (“alternative” pathways) for VOCs vapor entry into buildings.  These alternative 
pathways have been gaining attention. The US Environmental Protection Agency 
(USEPA) has noted that drain lines and sewers systems are important exposure pathways 
in its  most recent vapor intrusion technical guidance (2015). In our research, we investigate 
the potential for sewer systems to serve as an alternative pathway; and we investigate routes 
and conditions that promote VOC vapors to enter buildings via this alternate pathway. A 
numerical model simulates various liquid-gas mass transfer mechanisms within sewer lines 
and then allows vapors to migrate through the subsurface and enter buildings via various 
pathways. The numerical model assesses different scenarios and we evaluate conditions 
that modify exposure risks by considering various model input parameters. 
 
Figure 1 shows several variables involved in sewer liquid-gas transfer that complicate 
sewer gas transport along this pathway.  By introducing a model that considers different 
mass transfer mechanisms inside, this research provides insight about site-specific features 
that influence vapor intrusion exposure risks. 
 
 
Figure 1: Conceptual model for VOC mass transfer within a sewer system 
 
Table 1 shows the general terms of the sewer model governing equation. The sewer model 
is conceptualized based on several key considerations: 
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• The sewer system is assumed to be a continuous stirred tank reactor (CSTR) for 
both the sewer liquid and the sewer gas.  This assumption is based on the turbulence 
within the system. 
• The source of VOCs in the sewer liquid can vary (Figure 1). 
• VOCs in the sewer gas can also have many sources (e.g. mass transfer from sewer 
liquid, diffusion from outside the sewer through cracks, and from upstream sources 
within the sewer).  
• There are several parameters considered in the model to calculate liquid-gas mass 
transfer rate including sewer slope and sewer liquid velocity. These parameters 
have substantial effect on the results. 
 
Table 1.  Terms from Model Equation 
  
 
 
 
Acknowledgements: The project described was supported by a CAREER Award from the National Science 
Foundation (Award #1452800) and by Grant Number P42ES007380 (University of Kentucky Superfund 
Research Program) from the National Institute of Environmental Health Sciences. The content is solely the 
responsibility of the authors and does not necessarily represent the official views of the National Institute of 
Environmental Health Sciences, the National Institutes of Health or the National Science Foundation.  
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Figure 2 shows the effect of VOC diffusion from 
contaminated groundwater to the sewer system at 
different relative concentrations of the sewer 
liquid to the groundwater concentration.  The 
contribution of groundwater (liquid) diffusion is 
negligible when sewer and groundwater 
concentrations are relatively close, but when 
groundwater is >100x more contaminated than 
sewer liquid, diffusion can have a potentially 
important effect on the VOC flux. 
 
Figure 2: VOC flux without and with 
diffusion from groundwater. 
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POLYPHENOLIC NANOCOMPOSITE MATERIALS  
FOR THE CAPTURE AND SENSING OF CHLORINATED ORGANIC 
CONTAMINANTS IN WATER SOURCES 
 
 
Angela M. Gutierrez, Shuo Tang, Irfan Ahmed, Brendan Thompson, Thomas D. Dziubla 
and J. Zach Hilt 
177 F. Paul Anderson Tower, Department of Chemical and Materials Engineering, 
University of Kentucky, Lexington, KY 40506-0046 
859-257-3864 
amgu232@g.uky.edu  
 
Polyphenol containing nanocomposite materials have been developed using several 
distinct methods to capture and sense organic pollutants from water sources. The 
polyphenolic moieties were incorporated to create high affinity binding sites for organic 
pollutants within the nanocomposites and also to serve as a sensing platform. In one 
method, a surface initiated polymerization of poly(ethylene glycol)-based and 
polyphenolic-based crosslinkers on the surface of iron oxide magnetic nanoparticles was 
utilized to create a core-shell nanocomposite. In a second method, a bulk polymerization 
method was utilized to create macroscale films that were composed of iron oxide 
nanoparticles incorporated into a polyphenolic-based polymer matrix, and then, these 
films were processed into microparticles. In some materials, N-isopropylacrylamide 
(NIPAAm) was incorporated to develop temperature responsive polymers, which 
transitions from a hydrophilic state to a hydrophobic state with a small change in 
temperature. The produced nanocomposite materials can specifically bind chlorinated 
organics, can rapidly separate bound organics from contaminated water sources using 
magnetic decantation, and have unique options for contaminant release and material 
regeneration. The polyphenol functionalities used to bind organic pollutants were 
quercetin multiacrylate (QMA) and curcumin multicrylate (CMA), which are acrylated 
forms of nutrient polyphenols with expected affinity for chlorinated organics. All 
materials were extensively characterized using methods such as transmission electron 
microscopy (TEM), dynamic light scattering (DLS), Fourier transform infrared 
spectroscopy (FTIR), and thermal gravimetric analysis (TGA). Pollutant binding studies 
were performed using PCB 126 as a model system and chlorinated organic pollutants to 
determine binding affinity and capacity, and this was quantified using GC-ECD. It was 
demonstrated that the materials effectively bound PCBs, and the addition of the 
polyphenols provided a greater affinity. 
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CHANGING CONDUCTIVITY LEVELS OF WATERWAYS IN SOUTHERN 
APPALACHIA: HEALTH IMPLICATIONS, SIGNIFICANCE, & SOLUTIONS 
 
PI Shelby E. Tyring 
Mentor Alice Jones 
EKU Geosciences, 521 Lancaster Avenue  
Roark 103, Richmond, KY 40475 
859.622.1424 
shelby_tyring@mymail.eku.edu             
alice.jones@eku.edu 
 
 
It is no secret that Appalachia—both the landscape and its people—face a plethora 
of social, environmental and economic issues. Many of these issues stem from a long 
dependence on resource extraction that has polluted water ways throughout Eastern 
Kentucky. One way of measuring water quality in areas of resource extraction is 
conductivity, or the ability for something to hold an electrical current from the presence of 
hard metals. Over the summers of 2006, 2007, and 2008, “The Big Dip” citizen-science 
water project organized community volunteers to test more than 1600 locations in 
Appalachian Kentucky.  
 
In September of 2016, “The Big Dip Redux” event was organized to resample a 
portion of those sites as part of the September 11th National Day of Service. The Redux 
event attracted more than 74 volunteers and resulted in a total of 79 resampled sites around 
the communities of Hazard, Cumberland and Whitesburg Kentucky.  
 
The data from the Big Dip and the Big Dip Redux projects are compared to analyze 
changes in conductivity over time. ArcGIS tools like cluster analysis and space-time cluster 
analysis gives a better understanding of the significance of the changes both in a temporal 
and geographic context. 
 
Changes in conductivity are analyzed for possible water-related health 
implications. 
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GIS AS A TOOL TO INFORM FIELD STUDIES AND REDUCE HUMAN HEALTH 
EXPOSURE RISKS 
Evan J. Willett, Mohammadyousef Roghani, Elham Shirazi, and Kelly G. Pennell 
316 Oliver H. Raymond Building, Lexington, KY 40508 
(502) 468-9361 
evan.willett@uky.edu 
 
Classically, vapor intrusion has been defined as the upward movement of soil vapors 
originating from contaminated soil and groundwater plumes into overlying buildings 
through holes, cracks, and gaps in building foundations. Vapor intrusion is estimated to be 
a potential concern at thousands of hazardous waste sites throughout the United States; and 
millions of Americans may be experiencing increased exposure risks as a result of living 
near these sites. This problem is further exacerbated by recent evidence suggesting the 
existence of “alternative pathways” for vapor intrusion, such as the sewer gas to indoor air 
pathway. 
 
Sewer systems can serve as transport networks to convey contaminated groundwater and 
vapors far from their source. The infiltration of sewer gas, and thereby hazardous vapors, 
can occur in homes and other buildings when plumbing systems are defective. The 
unintended entry of sewer gas may be relevant for human health if contaminant 
concentrations exceed protective risk levels. Previous research funded by KWRRI 
investigated the sewer gas to indoor air pathway using GIS maps of sewer lines and 
hazardous waste sites in Kentucky. Aging sewer lines susceptible to degradation were 
identified near known geographic locations of contamination. It was thus hypothesized that 
vapors could enter broken sewer mains near hazardous waste sites, and then unintentionally 
spread contamination to other areas. Figure 1 shows a map of Fayette County hazardous 
waste sites with the sewer map superimposed. Blue circles denote the 13 active or managed 
hazardous waste sites in the county and green lines represent sewer mains. 
 
 
Figure 1: Fayette County active and managed sites, with sewer lines overlaid 
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The information on Figure 1 was combined with attribute data collected for each sewer line 
of interest, which was then used to assess areas of concern for increased vapor intrusion 
exposure risks. This spatial analysis allows users to consider geographic areas that are 
prone to elevated exposure risks based on deteriorated sewer conditions. 
 
More recently, we conducted field studies funded in part by the National Science 
Foundation and the National Institute of Environmental Health Sciences in the California 
Bay Area to further develop our hypothesis. The field study site comprises a zone 
immediately outside of a previously defined vapor intrusion study area, which has elevated 
groundwater concentrations of trichloroethylene and other volatile organic compounds.  
Figure 2 shows the general sampling area. 
 
 
Figure 2: Site map showing sampling location 
A sewer system connects the two areas in the subsurface. The preliminary field study, 
completed in summer 2015, involved collaboration between the United States 
Environmental Protection Agency, the University of Kentucky, and Clearwater Group. 
Approximately 40 locations were sampled to assess the spatial variability of volatile 
organic compounds in the sewer system of the study site. Another field study, completed 
in fall 2016, evaluated the temporal variability in sewer gas concentrations at two target 
locations and additional exploratory locations. Rapid screening of sewer gas concentrations 
was accomplished using AROMA, a novel chemical spectroscopy technology developed 
by Entanglement Technologies. Data collected from these studies demonstrate that sewers 
and other subsurface conduits can transport chemical vapors via unconventional pathways. 
The data also show considerable temporal and spatial variations. 
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not necessarily represent the official views of any funding agency. 
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THE USE OF ENVIRONMENTAL DNA TO DETECT BACTERIAL MOLECULAR 
MARKERS IN THE TRIPLETT CREEK WATERSHED, ROWAN COUNTY, 
KENTUCKY 
 
Rachel Brown, Hannah Conley, and Geoffrey W. Gearner 
Department of Biology and Chemistry 
Morehead State University 
150 University Blvd., Morehead, KY  40351 
606.783.2803 
g.gearner@moreheadstate.edu 
 
The objective of this study is to develop and evaluate the use of bacterial genetic 
targets as markers of fecal contamination in the Triplett Creek Watershed.  The Triplett 
Creek Watershed has been the focus of assessment and research activities by Morehead 
State University scientists for well over ten years now.  Our lab has been assessing 
Escherichia coli contamination at 36 well-established sampling sites in the watershed 
throughout that period of time.  In this project, three-liter water samples were collected 
from six watershed sampling sites.  The sites were chosen because they exhibit 
chronically high E. coli counts (>240 E. coli CFU/100 mL), or acceptable E. coli counts 
(<240 E. coli CFU/100 mL).  DNA was extracted from the water samples and purified 
using commercial kits, then assessed spectrophotometrically for quantity and purity.  
The environmental DNA (eDNA) was used as a target for polymerase chain reaction to 
detect markers for enteric bacteria (16SrRNA), E. coli (uidA), and a variety of antibiotic 
resistance genes (blaCMY, blaSHV, blaTEM, ereA, msrA/B, sulI, sulII, TetO, and TetW).  
DNA yields from the water samples were sufficient for PCR analysis.  PCR was 
conducted, and PCR products were analyzed by agarose gel electrophoresis.  Some of 
the eDNA samples were positive for enteric bacteria, E. coli and the ß-lactamase gene, 
blaTEM.  The results demonstrate the ability to detect bacterial molecular markers in 
DNA collected directly from environmental water samples, allowing us to develop this 
further for E. coli source tracking in the Triplett Creek Watershed.  This project is 
supported by a KWWRI 104b Student Enhancement Project grant via the U. S. 
Geological Survey. 
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DETECTION OF Percopsis omiscomaycus (TROUT-PERCH) USING eDNA in 
EASTERN KENTUCKY STREAMS 
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1Department of Natural Sciences, Asbury University, Wilmore, KY 40390 
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ben.brammell@asbury.edu 
 
Environmental DNA (eDNA) provides an effective, non-invasive method to detect the 
presence of rare organisms in aquatic systems, provided sufficient molecular tools are 
available. Percopsis omiscomaycus is a small fish with a limited, disjunct distribution in 
central and eastern Kentucky.  We amplified and sequenced a 769 BP region of Percopsis 
omiscomaycus cytochrome b and used this sequence to design eDNA primers that 
selectively amplify P. omiscomaycus DNA from filtered water samples.  One liter water 
samples were collected from 28 locations in northeastern Kentucky, filtered, and DNA 
was extracted in a manner consistent with established methods.  Additionally, each 
location was intensively sampled for P. omiscomaycus by seining.  Initial results indicate 
eDNA successfully detected P. omiscomaycus at sites where specimens were collected 
using seines in addition to at least one site in which suitable habitat was observed but no 
specimens were collected.  These data add to the body of knowledge concerning P. 
omiscomaycus distribution and provide a useful tool for detecting cryptic populations for 
this and other species.   
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SEASONAL FLUCTUATIONS IN SALAMANDER eDNA 
IN CENTRAL KENTUCKY STREAMS 
 
Ronald B. Sams, Cierla V. McGuire, Malinda A. Stull,  
Andrew Nesselroade, Ben F. Brammell 
Department of Natural Sciences  
Asbury University, Wilmore, KY 40390 
(859) 753-4553 
Ronald.sams@asbury.edu 
 
Environmental DNA (eDNA) provides an effective, non-invasive method to determine 
organism presence or absence in an efficient manner.  The majority of salamanders native 
to central Kentucky have an aquatic phase to their life cycle.  Some Ambystomid species 
persist as aquatic larvae for just a few months while other sympatric species spend more 
than one year in the juvenile aquatic phase.  We developed species specific eDNA 
primers for streamside (Ambystoma barbouri) and cave (Eurycea lucifuga) salamanders 
that effectively amplify salamander DNA filtered from stream water.  We collected 1 liter 
water samples biweekly from February to July 2015 in three small streams in Jessamine 
County to examine season fluctuation in eDNA levels of different salamander species.  
Initial data reveal a complete absence of A. barbouri eDNA in early spring samples but 
high levels later in the spring corresponding with breeding and larval presence.  RT PCR 
analysis is in progress in order to determine quantitative levels of both salamander 
species DNA at each collection.  These data add to the growing pool of knowledge 
concerning eDNA monitoring of species and should provide useful reference data for 
future monitoring or range delineation studies.            
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VIRTUAL 3D SEPTIC SYSTEM FOR EDUCATION AND OUTREACH 
C.V. Chandramouli1 Xianrui Wang2, Lianzheng Gao2, J. Moreland2, C.Q. Zhou1 
1 Mechanical and Civil Engineering Department 
2 Center for Innovation, Visualization and Simulation, 
Purdue University Northwest 
Hammond, IN 46323 
cviswana@pnw.edu 
 
Septic Systems are used as on-site waste water treatment systems for the homes which are not 
connected to city sewer lines. Domestic waste water drains to the septic tank where waste water is 
digested through low rate anaerobic processes in the tank (Bounds, 1997). After treatment, the 
water infiltrates into the ground through a drain field. When a septic system is not properly 
maintained, the treating efficiency of the system decreases. Poorly functioning septic systems can  
affect groundwater quality. If the system is in close proximity to streams, it may also affect the 
adjacent stream water quality. In Northwest Indiana, complete details of existing septic systems 
are not fully documented yet.  
 
In this study, a virtual 3D septic system was created as an education and outreach tool. The main 
objective of this work was to create a user friendly web based tool to provide better understanding 
of the backyard septic system and present the importance of maintaining them periodically. This 
tool was created based on the Indiana State Department of Health – Environmental Public Health 
Division 2014 publication called Residential On-Site Sewage Systems Rule 410 IAC 6-8-3.  
 
A virtual 3D environment was created in Unity 3D platform. Groundwater movement with 
contamination was simulated using GW Vistas – MODFLOW- MT3D modeling scheme. Entire 
septic system which includes models of residential house, drains, main septic tank with 
components, dosing tank, filters and drain field were built together in the virtual environment. 
Simulated results of the groundwater movement flow field were also included with this system. 
Using this system (Figure 1), a user can input few basic details (example: number of individuals 
in household). Users can visualize the difference between a properly maintained system and a 
poorly maintained system. They can study the sludge deposition with time and the residence time 
of waste water in the tank. This tool facilitates user understanding of the importance of regular 
maintenances to the septic system. 
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Figure 1: Virtual Septic System 
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RAINFALL TRENDS IN INDIANA AND ADJACENT STATES  
AFTER WIND FARM INSTALLATIONS IN INDIANA 
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Department of Mechanical and Civil Engineering 
Purdue University Northwest 
Hammond, IN 46323 
cviswana@pnw.edu 
 
 
Large wind farms were installed in Benton, White and Jasper counties of Indiana after 2008. The 
production capacity of these installations account to 1895 MW. This green renewable energy is 
due to general wind patterns existing in these counties. In this research study, a preliminary 
analysis was conducted by considering raingages from Illinois, Indiana, Kentucky, Ohio, 
Pennsylvania and West Virginia to study the influence of new wind farms on rainfall (Keith et al. 
2004, Krik Davidoff et al. 2008). The previous study done by Keith et al., 2004 discussed the 
influence of large wind farms on global climate. In total, 130 stations which had continuous data 
documentation from these states were used (Source: NOAA National Climatic Datacenter).  
 
Monthly rainfall and snowfall data from 1950 to 2015 were used to find decade level precipitation 
averages. Decadal averages were compared to the most recent decade. These analyses were done 
for each month to overcome seasonal characteristics by considering individual states initially. 
Figure 1 provides decade level averages in the past 70 years for the month May in Indiana. There 
is no significant change in mean values in 24 Indiana stations.  
 
Figure 1. Variations in decadal averages for Month May – Indiana Raingage Stations 
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Figure 2. Variations in decadal averages for Month May – Indiana Raingage Stations – 
Wind Farm Region 
 
Figure 3. Variations in decadal averages for Month May – Kentucky Raingage Stations  
In the next stage of the investigation, the entire region was subdivided into two zones (namely 
wind farm zone and other zone). Stations were clustered to two groups using these zones and the 
decadal averages were studied. Figure 2 shows the decadal variations in stations located in the 
wind farm zones. Kentucky state rainfall data is shown in Figure 3. For each month, decade level 
variations were examined for both snow and rainfall by considering the entire region, each state 
and wind farm zones. Preliminary results indicate no significant changes in the recent decade (after 
wind farm installation).  
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CURVE NUMBER ANALYSIS WITH HEC-HMS USING ARCGIS AND HEC-
GEOHMS DATA PROCESSING 
Morgan Gerlitz 
128 C.E. Barnhart Building 
Lexington, KY 40546-0276 
734-395-4389 
mfgerlitz@uky.edu 
 
There are continued efforts to understand the effects of surface coal mining and subsequent 
restoration on the hydrology of the Appalachian coal region. Surface mining has been 
implicated in increased flood events in downstream communities. There is a need for 
accurate modeling of mining impacts on the hydraulics of an area to assess downstream 
flood risks and to plan control and prevention measures. The study objective is to model 
the hydrologic peak flow and surface runoff for pre- and post-mine land use conditions in 
the Guy Cove basin using Digital Elevation Models (DEM) and curve number analysis in 
HEC-HMS.  
Mature forest was modeled using a DEM from the National Elevation Database collected 
prior to mining activity. Post mine conditions were modeled using LIDAR DEM collected 
after mining activity had concluded. Two post mine conditions were studied based on 
current reclamation techniques. The Guy Cove site has been restored using the Forest 
Reclamation Approach (FRA), however, for comparison purposes, both conditions have 
been modeled. 
 The Surface Mining Control and Reclamation Act (SMCRA) encourages the use of heavy 
soil compaction and seeding with aggressive grass cover. The Forest Reclamation 
Approach encourages the use of loose-dump spoils to encourage tree growth and simulate 
more native soil conditions. Land use and soil conditions were modeled using a range of 
curve numbers due to the variability in field measurements cited in the literature. 
Elevation changes were evident in the DEMs pre- and post-mining, however hydrologic 
effects were very similar when the same curve number was used (implying the same land 
conditions pre- and post-mining). This shows that imperfections in restoring the 
approximate original contour do not impact runoff or peak flows.  
Peak flow increased by approximately 40% for a five number increase in curve number, 
with larger increases for very high curve numbers. This aligned with results by Taylor et 
al. (2009) that found peak flows increased by 20-45% (and runoff by 20-40%) for an 
increase in CN of five. The sensitivity to curve number and correspondingly to land 
conditions demonstrates the importance of the restoration approach used when mining 
activity concludes.  
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The Watershed Assessment and Visualization of Erosion and Sedimentation 
(WAVES) Protocol was designed to elucidate perceptible watershed conditions and overall 
governing processes controlling watershed sedimentation in the field. The study of 
sedimentation in watersheds is particularly important because of the harmful impact 
sediments can have on aquatic life, algae, civil infrastructure, water supply, and water 
quality. Previous qualitative assessments of stream networks and watersheds, while 
abundant, have seldom focused on watershed sedimentation processes and sediment 
(dis)connectivity. Sediment (dis)connectivity, defined as the detachment and transport of 
sediment from source to sink between geomorphic zones, controls sediment transport rates 
but is rarely the focus of watershed field assessments. The quantification of watershed 
sedimentation has proven to be precarious over years due to what Walling (1983) has 
dubbed the sediment delivery problem; i.e. only a fraction of eroded sediment is yielded at 
the basin outlet. In order to quantify sedimentation, it is important to first gain field-based 
knowledge of the watershed’s governing processes. The authors, therefore, formulated the 
WAVES Protocol to: (1) understand qualitatively the hydrological and sedimentological 
processes occurring within the watershed; (2) obtain field-based knowledge of the 
watershed’s (dis)connectivity; and (3) to identify sediment sources, sinks, and pathways in 
the field through one comprehensive field assessment.  
 
The WAVES Protocol was created via the review of sediment connectivity literature 
and various contemporary methods to visually assess streams. WAVES assesses five 
general parameters of the watershed and stream network in the field: (1) (dis)connectivity, 
(2) streambank and floodplain conditions, (3) streambed conditions, (4) upland land use, 
and (5) other miscellaneous qualities. These parameters were chosen based upon their 
suspected influence on sediment delivery at the watershed outlet as well as their suspected 
influence on sediment movement between various compartments within a catchment. The 
condition of each parameter is assessed in situ and rated via an index reflecting the quality 
of the compartment.  
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WAVES was applied to a bedrock-controlled catchment in the Bluegrass 
physiographic region of Kentucky. A stream initiation algorithm was used to delineate 
tributaries with catchment areas greater than approximately 0.5 square kilometers, an area 
iteratively chosen based on aerial indication of stream initiation. Each of these streams and 
tributaries were mapped in a GIS and then visited in the field. Information and geo-located 
photographs collected from the field were uploaded into a GIS database for further 
analysis. “Hotness/coolness” maps created from this data show prominent hydrologic and 
sedimentologic processes at numerous resolutions (i.e. hillslope-scale, reach-scale, and 
watershed-scale). These maps show spectrums of erosion, deposition, and (dis)connectivity 
severity throughout the catchment. Geomorphologic features and stream parameters (i.e. 
connectivity impedances, channel bathymetry, bed roughness, land cover/management, 
and outfall locations) were digitized via the database to be used as future model inputs. 
Coupling the “hotness/coolness” maps with the digitized geomorphologic features shows 
how sediment is connected or disconnected from one compartment of the catchment to 
another.  
 
The presented protocol assesses the regional impacts of natural and anthropogenic 
sources of sediment that lead to problems such as water quality degradation and water 
supply loss. While focusing primarily on watershed sedimentation processes and sediment 
(dis)connectivity, WAVES has the capacity to elucidate nutrient connectivity as well 
through the identification of nutrient-source hotspots along the stream corridor. Locating 
and analyzing outfalls, livestock interference, agricultural land uses, and erosional scars 
through WAVES allows for the identification of these hotspots. The WAVES Protocol was 
initially created for a lowland, bedrock controlled stream system with a moderate-humid 
subtropical climate and limited karst. However, the protocol can be applied/altered to 
assess the effects of sediment in any region or watershed of small-moderate size.  
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In Hungary, water consumption and the purchase of water rights play an important role 
in the livelihood of many Hungarian citizens.  With the increase of health-awareness 
and relative cost of the water, consumer behaviour patterns have changed over time.  
This study focused on two parts of this phenomenon which include water marketing 
and consumer behaviours with water consumption.  The complete process from the 
G2B (government to business) to the B2C (business to consumer) market was analyzed.  
The first aspect represents a difficult situation concerning the sale of water and rights 
to the water by the Hungarian government (G2B). The second reveals water 
consumption trends, which tell more about food and water consumer behaviours in 
Hungary (B2C). In addition, we also compared trends of water consumption and 
consumer behaviour patterns between Hungarians and Americans to determine selected 
commonalities and differences. Content analysis was used as a qualitative research 
method in our study. This was based on published resources as well as our own analysis 
of the behaviour patterns of a sample of the population in Hungary related to water and 
food consumption. We used previously collected data from the first author about 
Hungarian food consumers as well as data queried from IPSOS Ltd. In Hungary, the 
data were based on 883 people participating in the sample. Quantitative research 
techniques were used to target the group of food and water consumption habits in 
Hungary through survey research. The differences and connections of the groups 
created during the analyses were examined by multivariate statistical analysis and 
factor analysis.  
Our subject will never lose its relevance, since water will be one of the important natural 
resources that cause many companies to strive to understand the behaviour of their 
consumers, but no matter how much knowledge we have, it will never be enough. 
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FIELD VARIABILITY OF SOIL WATER CONTENT AND ORGANIC MATTER 
IN PEMACULTURE ECOSYSTEMS 
 
Kevin Goheen, Iin Handayani and Steve Still 
Hutson School of Agriculture 
Murray State University 
Murray, Kentucky 
ihandayani@murraystate.edu 
 
      Soil quality evaluation has been postulated to be highly affected by spatial effects of 
individual indicators.  Permaculture ecosystems consisting of varied native vegetation may 
create variability within the field and between fields. This study examined field variability 
of soil water properties and soil organic matter in young permaculture ecosystems of less 
than three years in western Kentucky.  Soil samples were collected from eight field types, 
1) Vineyard, 2) Vegetable Garden, 3) Blueberry, 4) Pasture, 5) Orchard, 6) Bare land, 7) 
Edible Bamboo and 8) Kiwi - Raspberry.  Prior to establishing the permaculture, the land 
was in forest for about 30 years.  The results show that the vegetable garden and the bare 
land areas have the highest soil water content at air dry condition (7.68% and 8.26, 
respectively) with high variability within the field (41% and 49%, respectively) as 
indicated by the highest coefficient of variation. The average of soil water content at air 
dry was 4% with the lowest found in the kiwi-raspberry field (1.58%).  The highest soil 
organic matter content was found in the areas of kiwi-raspberry (8%) and blueberries 
(8.17%).  The field variability for soil organic matter content (14%) is lower than soil water 
content at air dry (27%).  The highest field variability of soil organic matter was observed 
in pasture and vegetable garden at 20-23%.  There is high correlation between soil water 
content and soil organic matter content.  The data from this study can be used to map the 
baseline of the ability of soil to supply water and to sequester carbon.  
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EVALUATING SOIL WATER HOLDING CAPACITY  
AND OTHER PHYSICAL PROPERTIES OF SILT LOAM  
IN NATURAL AND AGRICULTURAL ECOSYSTEMS 
 
Mary Derting, Iin Handayani, and Alyx Shultz 
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Murray, Kentucky 
ihandayani@murraystate.edu 
 
      Land cultivation has been found to affect the ability of soil to hold water as well as other 
physical properties. The objective of this research was to evaluate the changes in soil water 
holding capacity (WHC) and selected physical soil quality indicators under two natural and 
two agricultural ecosystems. Soil properties of water holding capacity, macroporosity, bulk 
density, soil compaction, soil organic matter, and aggregate stability were chosen as they 
are sensitive to indicate soil quality changes. The study was conducted in silt loam soils 
collected from Lyons and Trigg County, Kentucky.  Natural ecosystems included 
undisturbed grasslands and undisturbed deciduous woodlands while agricultural 
ecosystems included conventionally tilled soils and no-till soils. Agricultural soils were 
cultivated in a corn, soy, wheat, tobacco rotation. Subsoil compaction was measured with 
a penetrometer. Undisturbed soil cores were sampled from topsoil at 0 - 7.5 cm and 15 – 
21 cm depth interval to measure WHC, bulk density, and macroporosity. The data was 
statistically analyzed using ANOVA single factor at α 5%. The results from the topsoil 
indicated that the range of WHC was 36.8 to 40.8% and macroporosity was 34.6% to 
37.5%.  The range of bulk density was 1.26 to 1.74 g/cm3. Subsoil had WHC from 24.3 to 
26.3%, macroporosity of 21 to 24% with the bulk density of 1.47 to 1.56 g/cm3. 
Compaction measured by penetrometer was between 121 and 230 psi with the highest 
compaction detected in conventional tilled systems. The highest soil organic matter content 
and aggregate stability were observed in grassland areas.  Overall, natural ecosystems 
showed higher variation across the fields compared to agricultural ecosystems. The 
findings revealed that bulk density and soil compaction are more sensitive indicators than 
water holding capacity and macro porosity; and that conventionally tilled soils suffer from 
significantly higher soil compaction. 
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EFFECT OF HISTAG ON THE PRODUCTION OF  
WATER CHANNEL PROTEIN AQPZ 
 
 
Thilini Abeywansha, Xinyi Zhang, Yinan Wei* 
Department of Chemistry 
University of Kentucky, Lexington, KY 40513 
Phone: 859-257-7085 
Email: yinan.wei@uky.edu 
 
Biomimetic membranes that are useful for the filtration and purification of water are highly 
desirable, due to the increase of world population and dwindling of natural resources. A 
popular protein used in the development of water filtration membranes is the Escherichia 
coli water channel, AqpZ. Several groups have used AqpZ in their membranes and tested 
the performance of the protein. A critical step for the broad application of AqpZ in 
biotechnical industry, and also a bottle neck, is high yield production of the protein with 
the subsequent integration of the protein into the supporting matrix.  
In this project we investigated the effect of histag on the production yield of AqpZ. Histag 
is useful in protein purification, and also provides a potential approach for AqpZ 
immobilization/integration. We found that AqpZ cannot be expressed when a histag was 
connected right after the C-terminus of the protein, but tolerates the histag at the N-
terminus well. To further investigate the effect of the histag on AqpZ production, we 
determined the effect of spacer length on the expression of AqpZ with C-terminal histag. 
The cytoplasmic domain of the C-terminal end of AqpZ protein is relatively short. We 
hypothesized that inserting histag at the C-terminal end interferes with protein folding and 
thus causes degradation of the protein. To test this hypothesis, we examined the effect of 
spacer length on protein expression and found clear correlation between the linker length 
and AqpZ expression level, which supports our hypothesis. 
 
 
 
Figure 1.  AqpZ is an integral membrane 
protein that acts as a water channel (Figure 
taken from Wang et al., 2010, Exploring 
Transmembrane Diffusion Pathways With 
Molecular Dynamics. Physiology 2010, 25, 
142-154) 
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SEGMENT BASED ASSESSMENT FOR WATER DISTRIBUTION SYSTEMS 
Erika Hernandez 
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C382 O. H. Raymond Bldg., Lexington, KY 40506 
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Lindell Ormsbee, Director 
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Lexington, KY 40506-0107 
lormsbee@engr.uky.edu 
 
In water distribution systems (WDS), a common concern is the possibility of failure. With 
vast areas and a multitude of components, WDS are particularly susceptible to experiencing 
a failure state during their lifetime. Thus, estimating how well a network continues to fulfill 
its mission during various operating conditions becomes relevant in the effort to build 
better distribution systems. This ability to perform under multiple restricted conditions is 
frequently identified as reliability.  
 
In recent years, water utilities have placed a greater emphasis on the reliability and 
resilience of their water distribution networks.  This focus has increased due to the 
continuing aging of such infrastructure and the potential threat of natural or man-made 
disruptions. As a result, water utilities continue to look for ways to evaluate the resiliency 
of their systems with a goal of identifying critical elements that need to be reinforced or 
replaced.  
In the past, it has been generally assumed that a pipe failure can be represented as the loss 
of one pipe.  This assumes that each pipe has an isolation valve on both ends of the pipe 
that can be readily located and operated under emergency conditions.  This is seldom the 
case. Generally the number of surrounding pipes that would be taken out of service in case 
of a pipe failure in addition to the initial pipe (i.e., “segment”) will depend on the location 
of the operable isolation valves.  
A simple graphical metric is presented to evaluate the performance of a system in response 
to a pipe failure using three different performance metrics: percent loss of system demand, 
percent loss of acceptable pressures, and percent loss of adequate water age. Since each 
segment could affect the performance in different ways, the performance metrics provide 
a way to identify the most critical areas under a pipe failure and consider different aspects. 
This information could be used by system managers in deciding which segments to 
prioritize for upgrades or replacement. 
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NUTRIENT EVENT MEAN CONCENTRATION  
AND EXPORT LOAD DATA COMPILATION 
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This paper compiles nutrient (Total Nitrogen (TN) and Total Phosphorus (TP)) event mean 
concentration (EMC) and export load values released from urban and agricultural landuses. 
The data were pulled together from different nation-wide literature and studies that report 
nutrient EMC and export load values in the state of Kentucky. Then, different types of 
statistical plots were created for each urban and agricultural landuse, separately.  In some 
cases, the EMC or export load values reported in the studies had a wide range of magnitude 
for a specific landuse. The sources of the difference in the pollutant loading values for each 
of the landuses could be due to the region and physical characteristics of watershed (e.g. 
slope and soil type), methods of measuring EMCs and loads, the number of samples taken 
from the watershed outlet and rainfall intensity. The resulting ranges of EMC and load 
values can be very beneficial for the users of water quality models who need to have a 
holistic idea of nutrient magnitudes released from each landuse at watershed outlets. The 
nutrient EMC and export load values are being used as an input for the Kentucky Nutrient 
Model (KYNM). 
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